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INTRODUCTION 
VoGOtation, olimata and soil are three interdependent, oomplex 
factors, each exerting a variable influence on 1310 other Glinate is 
influenced indirectly by eoil and directly by vegetation, which may mod­
ify the degree of radiation, precipitation, air movement and evaporation. 
Soil is influenced by vej^ etation through its modification of tliese latter 
factors, and by the quantity, quality, and distribution of organic matter 
which results from the development of the vegetation. Vegetation, in 
t\irn, is directly affected by climate and soil. In addition to climatic 
effects, soil and vegetation are influenced by the nature of the soil 
parent material, especially in the early stages of soil genesis. All 
three of the factors are affected either directly or indirectly by topog­
raphy. 
Until recently these three factors have chiefly been studied inde­
pendently. This lias boon true especially in the field of soils. The 
effects of soil conditions on crop plants nov/ are becoming coimon laiovif-
ledgo, and some research has been done on ilie effect of certain crops 
and rotations on soil fertility and soil structure. Recently these 
problems have been brought to the foregroiuid by the almost universal 
interest in soil erosion and its control, but there is much v/ork to be 
done on the nature of the changes in soil wrought by plant cover. 
It is known tliat as successive plant communities develop on a site, 
olimatio factors ore Gtneliorated, organic matter is added to the soil, 
and microclimate and soil structure are gradually improved until finally 
the climax vegetation develops as the fullest expression of climate and 
soil# However these chances in the soil attributable to the direct 
effect of vegetation and to tiie indirect effect of climate as modified 
by growing plants still require considerable inveBtip;ation« Recently, 
techniques have boon developed vrhich make possible more exact determina­
tions of the nature of plant-soil relationsliips and interactions under 
field conditions and especially of the changes v^ rought in soils by the 
presence of plants. 
The purpose of this rosoarch wae to investigate, by moans of 
newly developed qualitative and quantitative testa, the changes induced 
by natural and introduced vegetation in the eroded soils of southeastern 
Ia.m, The presentation and evaluation of the data resulting from this 
study should prove of benefit in ascertaining the principles involved in 
the building of soil by vegetation. These principles can then be adapted 
to the more rapid reclaiming of soils than occurs under natural conditions 
or under present cultural methods. 
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REVIM Ol" LITER/iTUKE 
Plant Cover 
plant BucooBuion is the terra appliod to tho serios of plant com­
munities xyhich develop one after another on a given sito, e&ch carrying 
the vegetation a step neoi'er to the climax for the region, Priiaary succes-
ion bogins on bare rook or open water and develops slaivly, then more 
rapidly toi'/ard the oliraax. tJhen vegetation is destroyed, as by ploiving 
or burning, the succession starts to rebuild frcan some intemediate 
stage, provided that somo soil and a source of seed or of plant parts 
remain. This latter is called secondary plant succession, A number of 
stages have been recognized (1, 18, 19, 60, 62, 79), differing in species 
but essentially recognizable by the growth habits of the plants involved. 
On old fields in the grassland formation the beginning stages are essen­
tially similar, namely, an early weed stage in which plants are widely 
spaced so that there is little cocipetition for mter, a late v/ood stage 
in which there is a someivhat dense grovrth of stunted plants of approxi­
mately tho same species as in the early vreod stage, a short-lived grass 
stage, and the climax perennial grass stage. 
The stages of primary succession for central Iowa have been out­
lined by Aikraan (2) and the secondary suocessional stages for the some 
region by tVarner (79), The climax in central lam is tall grass prairie 
with post-climax development of the maple-linden forest on protected 
slopes, AiJonan noted an inorease in soil depth and quantity of vegeta­
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tion with ohanf;oB in the primary auuoossion to the highor stages. The 
v/ater holdini; capacity and organic matter content increased from the 
lower to the Idgher stages chiefly tlTrough increase in the thickness of 
the soil layer, V/arner observed decreased light intensity at the ground 
level, decroaaed temperature extremes, reduced evaporation stress and 
less exposure of the top soil to runoff and erosion, in the change from 
the early stages to the climax in the secondary plant succession. These 
factors all point to water as being of central importance. Weaver (80) 
found vmter to be a critical factor in the true prairie, mixed prairie, 
and short grass plains, the yields of gi'ass being proportional to the 
water supply in the soil and inversely proportional to the "evaporating 
power" of the air. lunt (47), in second growt)\ oak stands in Connecticut, 
found the factors govei-ning water economy, namely, available moisture, 
topography, and soil depth, to ba of importance to grmTth in trees. Ter-
tility vms on effective factor in influencing stand composition. Drake 
(21) found that the quantity of viator stored in the soils of the great 
plains at the time of pleuiting usually accounted for variations in the 
yield of wheat. 
Soil Structure 
In the great plains, sandy soils v/ere found to have a higher rate 
of percolation and more available vmtor than the clay soils, Uell 
OiitaLlished plants were found to reduce soil moisture belov/ the wilting 
per cent, and almost to the hygroscopic coefficient (73), 
The surface condition of a soil has a groat deal to do v;ith the 
rate of infiltration. Plant oovor and crop rosiduoo can protect the soil 
from the beating effect of rain. Running v^ ater may rearrange soil par­
ticles and form a compacted layer at the immodiato surface of the soil. 
A compact surface layer usually indicates drought conditiona of •liiG soil 
beneath (22)* l,!usgrave (52) detei'mined that modifications of the struc­
ture of the surface 6 inches of soil v/ero Minifest to a depth of at least 
3 feet in both Marshall silt loam and Shelby silt loam, tevo very differ­
ent soils. He stated that, "In the beneficial effects upon plant groBvth, 
which are commonly attributed to manure or organic matter applications 
in general, there is undoubtly included the not inconsiderable effect of 
increased v/ater intake, reduced surface runoff and greatly improved 
v/ater relations vfithin the whole profile". 
Hortan (33) found that the infiltration capacity decreased in the 
earljr stages of a. rain because of the swelling of tho colloids, the vmsh-
ing of the fine materials into tho surface pores, and a packing effect 
of the rain drops. Judd and VIeldon (37) found infiltrobion rate greater 
under wheat stubble than under native vegetation but found the rate to 
be relatively lov/ after one year of abandonment. After several years of 
abandonnont the infiltrabion rate rose again. Hare areas generally v/ere 
found to have a Icsvf infiltration rate. Stauffer and Smith (69) reported 
that an impervious B horizon liritod percolation and increased nmoff. 
Baver (9) stated that it is extremely doubtful that there is any appre­
ciable gravitational inovejnont of witer downmird through heavy clay 
layers other than ttirough cracks, fissures, or biologic channels. 
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iYith artificial rain on Putneim silt loam. Heal (53) found that 
infiltration rate was not affected by slope or rainfall intensity, but 
varied inversely as the initial noioture content of tho soil* Degree 
of slope had no appreciable effect on per cent of runoff for slopes over 
1 per cent. PercontaEe rimoff increased with rainfall intensity but at 
a decreasing rate. IVhen the soil vra,s dry, the runoff was delayed 
several minutes by depression storage but the time decreased with in­
creases in slope and intensity of rainfall. There was a relationship 
of tho infiltration rate in the first 10 minutes, to the moisture con­
tent of tho surface inch of soil (33)• 
Eroporation losses from soils are much less per unit area from 
sandy soils than frora heavy soils (51). llmrever, Buckingham (13) stated 
that evaporation from soil is proportional to the square of the porosity 
and, that under arid conditions, a dry surface layer is established 
which protects fallow soil from ftirther loss« Studies in the Indian 
highlajids dxa'ing the dry season (15) showed that loss of moisture was 
highest and very rapid in the surface 3 inches, and gradually decreased 
between 3 and 18 inches. Below 18 inches there was an equilibrium 
moisture aone vfhich remained at the same content (23 per cent) until the 
end of the dry season. Bets/een 21 and 30 inches in depth the moisture 
percontaae reaiained constant rogea'dless of drought. Tliis was given as the 
reason deep rooted crops were able to resist drought. 
Acidity of the soil influences plant growth by its effect on the 
solubility of aluminum and plant nutrients. High acidity may indicate a 
deficiency of tho basic ions which prevent deflocculation of the colloids. 
Defloooulated colloids v/hon v/ot may fill the porea and reduce or prevent 
water percolation. Addition of a given quantity of lime has greater 
effect on pll in sandy soils than in clay soils (83). Truog attributed 
this to the greater exchange capacity in the clay soils (74). The pll 
of v/oodlond soils has significent annual and monthly variations which 
are related to the variations in total annual rainfall. Aoidity of 
gravole is increased but that of clays is decreased during years of Im 
rainfall. Some monthly changes are due to variation in activity of 
mioroorgandsms • 
J,'ioroorganisms are sensitive to changes in the physical and 
chemical constitution of the soil as affectod by cultivation and differ­
ent cropping systems. Vjaksman (78) observed that soil microorganisms 
aro responsible for most of the cheraical changes which ai*e taking place 
in the soil, many of which liberate nutrient elements. An increase in 
content of organic matter and nitrogen is a symbo} of soil improvement. 
In the Indiana forests, Laurie (42) found that where the moisture supply 
v/as sufficient, competition for nitrogen was an important factor# 
Because of its function as a vmter-storage body, the physical makeup 
of the soil is related to volume of plant materials produced, and to the 
time required for succession to higher stages, Kikiforoff (55) states 
that, "The general physical constitution of the soil is determined by a 
certain combination of seme particular grades or forms of texture, struc­
ture, consistence, porosity, cohesion, and moisture. Among these only 
soil texture oan be looked upon as a relatively irreversible and constant 
property of the soil material. The others refer to the state of material 
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rather than ita fundamental quality"# Hovrevor, Gordol (27) found that 
texture may be changed by sheet erosion in T/liioh the finer portions of 
the soil are carried av/ay, resulting in an increased sand content# 
Soil structure differs from soil toxturo in tSiat texture depends 
upon the size of the soil particles vrtiereas structiore depends upon the 
arrangement of the particles (70)« In the formation of soil otructure, 
as particles become grouped into aggregates, the forces of cohesion are 
reduced along the cleavage planes and are increased within the aggregates. 
Kikiforoff (55) points out that the wider the ratio between the inter-
aggrogate cohesion, and the firmness of aggregates, the better is the 
grade of soil sti'ucture# Analysis of aggregate size distribution has 
been used as a measure of soil structure (86)# The work of Russian in­
vestigators, as reported by ICrause (40), showed that aggregates smaller 
than 0.5 mm resulted in poor structure in the soil, as reflected by 
oxygen content and nitrogen synthesis# The size of the aggregates largely 
determined the number and size of the larger pores vrtiich Schtrniackor (61) 
referred to as the non-capillary pores. The non-capillary pores permit 
free percolation of water tlirou^  the soil# The capillary pores are 
smaller and do not permit free gravitational movement of water through 
them. V/ater moves into the latter by capillarity and is held more firmly 
than before# The total pore space is the siun of the capillary and the 
non-capillary pore space. Measurement of pore space especially non-
capillary pore space is becoming a very common method of measurement of 
soil structure# 
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Oaplllary potential was atiidiod T^ s'" Gardner and his co-workors in 
its relation to irrigation practices. Hichnrds (58) observed that anj' 
change which inoreaaes tho surface tension or o\ir(rature of ^ vater surface 
"between the particles, deoreaaea the capillary potential, Factors causing 
the change are, moisture content, size of soil particles, state of pack­
ing, ten^ jorature, end quantity of salts dissolved in the soil solution. 
Capillary potential is the aooujat of vrork required to move a unit mass 
from the free water surface against gravity to the point in question. 
It may "be expressed by the formula, 
where 4* is the capillary potentiel, g is the gravitational oonstant 
expressed in ergs per gram, and h is the vertical height above the free 
water surface. Thus, as the hei^ t of the soil column is increased, the 
Capillary potential is decreased. Hicharda described a method of raeastir-
ing the capillary potential by use of a porotis plate and gave curves sliow-
ing the relation between moisture content and capillary potential. Lewis 
(45) investigated the relation of capillary potential gradient to rate of 
flow of capillary moisture and specific conductivity of the soil for 
moisture. Hs found that between soil at field capacity and soil at the 
wilting per cent, the soil types he investigated would transmit 1 inch of 
water throu^  1 to 4 inches of soil in 8 to 20 days. 
Baver (9) gradxially raised the capillary tension of soil samples 
and measured th® water removed at each increase in tension. Oombining 
this and percolation studies he reached the conclusion that soil perme­
ability ia some function of the non-cepillary porosity at the flex-point 
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of the soil moisture-pF curve. IIo found tliat ooniprossion of a Banple 
docronsed the amount of non-oapillary pore spaoo# 
Buehrer (14) stated that "only suoh spaces or channels in ths soil 
which permit of relatively free movement of air or soil solution are of 
importance in plant nutrition" and that, by comparison, the participation 
of the capillary pores are of slight inportonce. Learner and Lutz (43) 
referred to "effective pore space". They fomid a direct relationsliip 
between effective pore space and permeability but found no relationship 
of the latter with total pore space. Harper (29) pointed out that the 
finer IVactions of the soil particles are the most important in moisture 
I 
retention and plant dgiyeiopment, IIo proposed a pore space-clay ratio, 
and indicated that soils vd.th a ratio above 1,5 have a fb.vorable physical 
condition for crop plants. 
Coarser textured soils were found by Auten (5) to retain porosity 
better afber clearing and cultivation than silts and clays. Cole (17) 
found that winter rains in California often have as great an influence 
on size distribution of aggregates as do tillage operations, Volurie-
weight has been used as a measure of soil physical condition by Lebedev 
(44) and Lunt (46), but it gives only a general picture, Lunt (46) found 
an increase in volume-v^ 'oight and a decrease in number of large aggregates 
associated with the removal of litter. 
Relation of Plant Cover to Soil Structure 
McGeorge (48) described "crumb structure" as being the most suitable 
\v''' -----A 
r 
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structure for [jood aeration and root ponotration, Brudfield (10) des­
cribed the production of crumb structure by growing grass and legumes on 
a soil for 2 or 3 years, when the soil had 3 tb 10 per cent of organic 
matter and was saturated v/ith line. The roots, belnr; line, occupy the soil 
in all directions at intervals of 3 to 5 lum. Absorjption of v/ater causes 
soil fragments to shrink Eutid become blocked off. Gr'ea^ t pressure increases 
the granule density to 1,8 or 2,0 and reduces the porte size in the gran­
ules so that they are easily sealed by capillary water. Reducing condi­
tions within the granule cause dissolution of substancep and their mi­
gration to the outside of the granule vfhere oxidation causes their 
deposition. This sei-ves to cement and stabilize the granwle, making it 
water stable. Orgaiiic matter from plant roots feeds the bacteria and 
forms a humified, almost v/ater resistant layer on the surface of the 
granule. Thus two fairly v/ell defined groups of pores, capillary and 
non-capillary are produced, Vfater enters the large pores easily, is 
drawn into the capillary pores by capillarity and is held more tightly. 
In tliis way the water permeability of soils approaching that oi' sand is 
combined with a storage capacity of heavier textured soils. Hoots force 
through the non-capillary poros and form larger and more extonsilre root 
systems. Dradfield stated that the major part of this modificatiJpn prob­
ably occurs in the first fav years of growth of a sod. 
Doth stx'ucture and texture of soils influence the nvunber and dis­
tribution of roots* Huberty (34) observed that root distribution was 
poor in fine textured (adobe) soils aivd that dcRmward movement of; Water 
and growth of roots was restricted by hardpan, lie stated that ma^  soil 
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propertieo may be quiokly altered under cultivation, but under natural 
conditions the changes are usually relatively slow, Fitzpatrick and ROBO 
(24) found the number of roots to increase in heavy textured horizons 
and to be groatost in the claypan. iloot penetration was found to be great­
est in open soils and least in claypan soils and the dopth to bo closely 
related to the depth of moisture ponetretion, V/eaver and his oo«workers 
(82) foimd a close correlation of orgrmic matter to root distribution in 
prairie soils. V/eaver and Harmon (81) reported that about 60 per cent of 
the root systems by v/eight was in the surface 6 inches, Sprague (67), 
studying the root development of Kontuoky bluegrass and Colonial bent 
grass, obsei*ved a rapid decline in the abundance of roots between the 
first and the sixth inches of soil and that practically all of the roots 
were in the upper 9 inches. Distribution v/as not attributed to soil re­
action, available phosphorus, or quantity of organic matter, but to aera­
tion conditions and physical resistEmce to root development. Stephenson 
and Schuster (71) also observed root develppmait to be related to volume 
of air epaoQ at field capacity. Soil having adequate aeration to ten 
feet or more v/as found to have the deepest and best root developmerit:. 
They found that the clay fraction more or less oontrolled the air-moisturo-
root relationship through its property of swelling when wet, Shively and 
'/leaver (64) found tliat a layering of underground parts in prairie plants 
resulted in absorption at different levels. In the true prairie 14 per 
cent of the plants absorbed almost entirely at 0-2 feet, 21 per cent at 
2-5 feet, but 65 per cent of the plants absorbed some water bolcjw five 
feet. The pore (air) space in Lancaster loom decreased from 32,4 per cent 
in the first oix inches to 21,8 per cent betv/een 6 and 12 inches. The 
total porosity in the saine levels was 56.9 and 50.0 per cent. At 4 foot 
the air space was 20.3 per cent and the total porosity 38.0 per centj 
partially explaining tlie unusual depth of the plant roots. 
In studies of soil changes associated with the transition from 
fertile hardvrood forest to pasture types, Stev^ art (72) observed a reduc­
tion in permeability, v^ ater holding capacity, por cent of air space, and 
nitrogen content. Research by KoGoorge and Dreazeale (48) indicates that 
loss of structure as in puddled soils results in poor aeration, partial 
decomposition of organic matter with production of toxic substances which 
often persist after the structure has been restored, tmd in a reduction 
in moisture availability. Seeds in puddled soils do not germinate unless 
they are near a crack or other surface vriiere they can obtain oxygen. 
Availability of phosphorus, calcium, potassium, and nitrogen is materially 
reduced by soil puddling (48). 
Experiments on establisliment of vegetation on various horizons of 
soil show marked difference in plant grwrth. Sinclair and Sampson (65) 
found that retaoval of the A horizon reduced the plant growth and retarded 
or prevented establishment of climax, and sub-climax plant cover. They 
stated that the early stages of plant succession must prepare the way for 
the establishment of perennial plants, Vfarner (79) found similar results 
and listed "pioneer" plants which might be used for planting in the early 
stages on eroded soil. 
Two different plant cover types may produce changes in the nature 
of soils, Vandecaveye and Katznelson (75) studied two loessial soils 
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under sirnilar olimatio conditions; one (Palouse silt loan) under bunch 
grass and the other (llelmor silt loam) under pino, fir, spruce, and 
cedar. The latter had 0.5 to 1.5 inches of duff (almost lacking in the 
Bsilouse soil), a leaver pH, a smaller bacterial population, a larger 
fungus popvxlation, but had only tirro-tliirds as much root riatorial in the 
surface 10 inches. 
Metzger and Hide (50) found no difference in the degree of aggrega­
tion of soil under corn and kafir but soil under oats following kafir 
showed a greater degree of dispersion than soil under corn. Soil under 
svveetclover and alfallla. had better aggregation than under soybeans. 
Combined action of lime and a legume crop produced a better aggregation 
than lime alone. Organic matter was found to increase aggregation of 
mineral soils. Kittredge (38) reported a podsol under maple-linden 
forest and a chernozom-like soil a fe,v milos away on the some geologic 
formation but \vith different plant cover. Veabch (77) reported a more 
retentive and more basic horizon in soils under hardwoods in i',5ichigan 
than v/as present in soils under adjacent pines, although they had similar 
parent materials and topography. Brwming (12) fo\md that use of line 
and fertilizer in V/est Virginia changed the vegetation in 8 years from 
poverty grass, broomsedge, and weeds to bluegrass and v;hite clover. 
DeTurk (20) reported that under natural conditions organic matter 
content of soils seem to increase to a peak which is usually attained 
in the early stages of profile development when horizons are beginning 
to emerge as recognizable but not shturply defined miits. After that, a 
decline to a fairly low amount occurs. In native prairie soils organic 
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matter reaohos a higher pook than in forest soils, but, with subsequent 
soil dervelopment, the organic matter content tends to become equalized 
again BO that in the most advanced stages prairie soils contain but little 
more than tVioso under forest cover. 
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EXPERIMEKTAL 
i.'ethods of Procedure 
Selection of sites for study? 
In studying the relation of plant cover to soil structure, there 
are tv/o possible approachesj a study of the ohangeB in the soil as the 
result of plant {f,rowth in a particular site as the plant succession 
develops; ajid a study of the soil structure under different plant covers. 
The chief limitation in the first approach is ono of time. Suoccssional 
chanp;e on a given site is exceedingly slov/. However, in some instances, 
modifications occur during periods of three or four years whicVi can be 
quantitatively detormined. The principal source of error in the second 
approach is tlie variation in soil under different plant covers which may 
be attributable to other soil characteristics than those induced by tho 
presence of dilTerent plant covers. Although care was taJcen in selection 
of sites it was difficult to find areas for study which shaved little 
difference in original soil characteristics but v:liioh had different 
vegetation covers. Both typos of approach were used in this research. 
The cooperative Ilillculturo Experimental Farm neai* Floris, Iowa, 
offered an excellent opportunity for such a study since rcany types of 
plant cover were present on the abandoned fields and liills and an essen­
tial phase of tho hillculturo studios is to determine the relation of 
plant cover to soil structure. Plots were chosen in tho early woed stage, 
late weed stage, short-lived perennial stage, Kentucky bluegrass stage. 
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shrub (svmao) stage, oaJc-hiokory forest, and an alfalfa patch, A study-
was also included of an eroded slope vrfiioh had been basin-listed, and 
thus presented the special condition of increased moisture supply and 
opportunity for observing its effect on plant succession. l*he slope of 
all of the plots vras between 15 and 20 per cent, oxcopt that of plot n 
which had a slope of about 5 per cent. Tliree of the plots v/ere on the 
Clinton silt loam soil type and tho others were on the Lindley loom soil 
type. 
Clinton silt loam is an upland soil type which has been derived 
from the southern Iowa loess (11). On the Hillculture Farm, it is found 
principally on tVie ridges and upper slopes. The surface layer is gray­
ish to grayish-broirm silt loam to a depth of 4 or 5 inches. Tho sub­
surface layer of 5 to 6 inches is a yellowish silt loam. The horizon 
is a light broivn silty clay loom G or 7 inches in thickness, and is mad© 
up of angular pea-sized aggregates. The 83 horizon is a yell0/d.sh compact 
tough silty clay loam showing columnar structure with a thickness of 9 
to 13 inches. The C horizon is an almost structureless yollowish-brown 
silty clay. 
Tho Lindley loam soil iypo is derived from Kansan drift (11). On 
the Hillcultviro Farm it is found on the slopes below the Clinton silt 
loam. Tho surface layer of 4 to 7 inches is a gray to grayish-brovm 
friable loam. The subsurface layer is 5 to 8 inches thick and is a 
grayiBh-yellov; heavy loam or sandy loam. The Hi horizon ranges from 4 
to 9 inches in thickness and is a yellowish-brown to reddish-brown sandy 
clay loam. The Bg horizon is 10 to 13 inches in thickness and is a 
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yollCTffish-bravm olay mottled with gray and hrown. The C horieon is a 
yellowish-brovm to gray tough gritty or sandy olay mottled with black, 
gray, and red, and contains frequent sandy layers. In gcnaeral -the 
Lindley loam is more porous tlian tho Clinton silt loam. 
The soils map of tho farm (figiire 1.) shows tho general distribu­
tion and approximate thickness of the surface layer of these uoils and 
the location of the plots in relation to the soils* 
The following paragraphs give a brief description of tho plots 
used in this study. Plots 1 to 10 and plot H v/ere established in 1938. 
Plot 1 was in tho early v;eod stage of the succession, thinly covered 
with bracted plantain (table I) and ragweed, Tho plot was on a southv/ard 
slope of the Lindley loam soil type in v/hich only 9 inches of the A and 
B horizons remained. The field had been cropped continuously to com 
preceding its final abandonment in 1934, In 1936 the area was limed at 
the rate of 2,5 tons per acre. In the spring of 1937, 200 pounds per 
acre of 20 per cent superphosphate were added to the field, Seedinga 
(ecxpressed in pounds per acre) were made as follovxsj Fall 1936, ryo, 46j 
Spring 1937, a mixture of svfeetclover, 6, red clover, 4, alsike clover, 
3, Kentuclcy bluegrass, 4, Canada bluegrass, 4, red top, 4j Fall 1937, a 
mixture of left over seed; Spring 193G, svj-ootolover, 6, Contour furrows 
were plov.ed through tho plot in the spring of 1939 and Korean lespedeza 
v/as sown, some of v/hioh became established in tho plot. 
Plot 2 v/as also in the early weed stage v/ith a sparse cover of 
three-awn grass, aster, and bracted plantain, A rxish was also present 
indicating poor soil aeration. The soil was badly eroded and had only 
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Table I* Botanical and oonnnon names of speoies* 
Soiontiflo nomo Common name 
Aoalypha ep, L. 
Aohlll ea lanulosa IJutt. 
Agros'tia' alba L» 
A§;ro8tl8 hiemlis (Walt.) 13«S«P« 
Ambroaia' elatior"L. 
Antexmaria sp, Gaertn. 
Aristida' "diohotom JvtlclTX. 
Aristida oligantiiia' Miohx. 
Aster e'riooides var» villosuB T.&G. 
Aster inultiflorus Ait* 
Garex sp. (kupp.) L. 
Garya cordiformie (iVang,) K, Kooh 
Gary a ovata ) K. Kooh 
Ghenopodiinn ^ bum L, 
liirigeron annuus Ii« 
Eragrostis apeotabilia (Pursh) 
Steud, 
I'^ phorbia maoulata L« 
Fragaria virginiaHa Duchesne 
Galiuia ¥riflomm Lli'oto* 
Junous tenuis ifilld. 
Laotuoa oanadensis L* 
liepidix^  apetalum '(7illd« 
Lepidium virginioian L« 
Lespedeza stlpulaoea r.^ im. 
Medioago""Bativa L. 
Melilo bus alba "Dasr• 
Kelilotus' oiribinaliB L. 
'iviahlenbergia striota L« 
Qxalie stricta L. 
Pani'oim oapillare L. 
Panicum huaohubae Ashe# 
Rileum prat ens e L« 
Plant ago aris^ a^ a Hiolix, 
Poa oompressa L» 
Poa pratensli' L. 
Polemoni\m reptons L. 
PolygonxuTirHydropipisr L. 
Psedera quinquefoiia (L.) Greene 
pyonantheinum fleixuoaum (Walt.) B»S»P. 
C^ uerous alba L. 
u^erous iiabrioaria JJiohx. 
Querous laaorooar^  Llichx. 
tiuorous marilandioa ?/!uonoh» 
Three-seeded mercury 
Yarrcw 
Uedtop 
Tioklegrass 
Ragweed. 
Indian tobaooo 
Tliree-asm grass 
Three-avm grass 
Aster 
ISxny flowered aster 
Sedge 
Bitternut hickory 
Shag-bark hickory 
Lamb's quarters 
Daisy fleabane 
Purple lovegrass 
Mlk purslane 
Strar;borry 
Bedstraw 
Rush or wiregrass 
Wild lettuce 
Vfild pepper grass 
Wild popper grass 
Korean lespedeza 
Mfalfa 
iifliite svreatolovQr 
Yellow sweotclover 
I&ihly grass 
\Yood sorrol 
VTitchgrass 
Panic grass 
Tiraothy 
Braoted plantain 
Canada bluegrass 
Kentucky bluegrass 
Jacob's ladder 
Smartweod 
Virginia creeper 
, Jiountain mint 
White oak 
Shingle oalc 
Burr oak 
Blackjack oak 
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Tabl0 1, Concludod. 
HhuB oamdenGis var, trilobata 
(luiit,) Gray 
Rhua glajjra L» 
llubue alloEhenionsis Porter 
Rubua viilosus Ai^« 
Rumex Aoetosella L» 
Seoaie""oercale L« 
Setaria Vir'idia (L.) Beauv. 
Solanum oarolinenae L, 
Solidago spp. L. 
Strophostyles helvola (L.) Britton 
Strophostyles panoiilora 
B^enth.) Waxo, 
Syrophorioarpos orbioulatus Koenoh. 
Trifolivan hyVricIiiiDi L» 
'I'rifolim pr at ens e L« 
UlmuB (Tourn.) L. 
Vernonla altisslma Kutt« 
Viola sororia V'<i"ll<i, 
j\roraatio sumao 
Smooth sumac 
Blackberry 
DOT/berry 
Shasp Dorrel or red sorrel 
Rye 
Green foxtail 
Korso nettle 
Goldenrod 
Trailing wild bean 
Trailing vfild bsan 
Coral-berry or Indian oiirrent 
Alsike clover 
Red olover 
Elm 
Ironv/eed 
Violet 
3 inohoE of sray broivn compact clay over the 9-inch B liorizon of heavy 
brovm clay. The C horizon v/as a bluish clay, .'Jeepa^ 'je Tvator coaiie to the 
surface in and below the plot as a roBult of the imporv3.ous clay layers. 
This plot had received 2,5 tons of lime per acre in 1937. In the spring 
of 1938 it had been sovm to sv^ eetolovor at the rate of 6 pounds per acre. 
Plot 3 \ffXB in the late v/eed stage vrhich liad progressed almost into 
the ahort-lived perennial stage. The cover consisted of bracted plan­
tain, goldenrod, panic grass, yarrow, and a few trailing wild bean plants. 
This plant community was on a southward clopo of the Lindley loam. The 
surfaco 6-inch layer was very sandy but the remaining B horizon wsis a 
hea-vy clay wliich v/as almost impermeable when wet. The field in which 
the plot was located had received no lime or fertilizer but had been 
seeded in the spring of 1939 to lespedeza, Kentucky bluesrass and rodtop 
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at rates of 10, 6, and 4 pounds per acre respectivoly. 
Plot 4 was in the short-lived perennial stage. The cover was aster, 
panic grass, triple-avm srass, and yarrov/ vdth a fm plants of redtop, 
svfoetolover, and Kentucky bluegrase. The presence of the redtop and blue-
grass indicated a trend of the succession toward the Kentucky bluegrass 
stage. The soil was a Clinton silt loam, eroded to the point at which 
only 5 inches of the A horizon remained. The B and G horizons were 
heavy irapocviouB clays which fact was probably responsible for the 
abundant seepage in the area after continued precipitation. The area 
had received 3 tons of lirao per acre and the sane seeding applications 
as plot 1. 
Plot 5 was in the transition stage from the short-lived perennial 
stage to the Kentucky bluegrass stage. Canada bluegrass, aster, Kentuclcy 
bluegrass, and panic grass furnished a moderate cover. Doivberi*y had 
been eradicated frau the area. The soil was "bypical of the Clinton silt 
loam general description above. The surface layers were quite compact. 
The plot had received 4 tons of lime per acre and 330 pounds of 2-12-6 
cocimeroial fertilizer in 1936. In the spring of 1937 a mixture of 4 
pounds of Kentucky bluegrass and 10 pounds of sweetclover per acre v/ere 
sown on the area. The plot v;as on a southeastward slope. 
Plot 6, with a rather heavy cover of Kentucky bluegrass, Canada 
bluegrass, and some redtop, vms in a stage of development classed as the 
early Kentuclcy bluegrass stage. The soil on tliis south-facing slope was 
Lindley loam. The surface 8 inches shov/ed signs of previous disturbance 
bxit there was no evidence of erosion. Qbherwise the profile was typical 
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Figura 2« Soil profile of plot 3. A sandy loan surface layer of 
7 inches haa been loft after roinoval by sheet erosion 
of much of the clay and organic matter. The subsoil 
is a heavy clay wliich is almost inipsnneable when wot. 
The original aoil typo was Lindley loom. 
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of tho Lindlery loom general description above. The area had received no 
lime or fertilizer and had not been seeded. Two oontour furrows were 
made through the plot v/hich v/ere planted to grapes in the spring of 1938» 
Studies v/ere oonduoted on tho vmdisturbed strips of vegebation betvYcen 
the furrows. 
Plot 7 was also in the early Kentuolq/- bluegrass stage in 1938, It 
had been cleared of coral-borry and shag-bark liickory sprouts and then 
limod at the rate of 2 tons per aero in 1936, The plant covei* in 1938 
vrsLB a thin stand of Kentuclqr bluegrass, panic grass, red clover, aster, 
and yarravf. The soil type was Lindley loom, of almost the sane depth 
as in plot G but contained more sand. In tlie spring of 1937, 330 pounds 
of 2-12-6 commercial fertilizer per acre were applied. The same season 
a mixbure of tiniotl'^ r, red clover, and sv/eetolover at the rates of 6, 4, 
and 6 pounds per acre, respectively, was seeded on the area. The field 
was a northv/aird elope which had not been plov/ed for 45 years. 
Plot 8 was in the Kentucky bluegrass stage, Kentucky bluegrass 
predominated but red clover and aster were also present. The soil type, 
slope, and treatment were the saiae as in plot 7 except that there was 
only 5 inches of soil above the undisturbed 13 horizon. Two contoxir 
furrcws had been made through the plot. 
Plot 9 (figure 4) v/as in tho slirub stage consisting of a pure 
stand of sumac, Tho understory vms made up of Kentuclcy bluegrass, aster, 
yarrwr, and panic grass, Tho soil on this northward slope vfas a Lindley 
loam with a fairly sandy surface layer. No treatments had been given the 
area but grazing had taken place for about 60 yoai*s previous to 1936, 
Figure 3« Lindley loasi soil profile in plot 7. The subsoil is nore 
sandy and pervious than the suTasoil at plot 3 v;hioh is 
Bhovm in figiire 2. 
Plot 10 was looatod in a cut-over second grov/bh cak-hiclcory stage 
on a northwest slope. The tree spooios vfere chiefly blaok.jack oak, 
shingle oak, and bitternut hickory, although sliag-bark hickory and burr 
oak were also present. Tho slurubs in the undorstory (figure 5) v/ore 
aromatic smao, coral-berry, and tho Virginia crooper. Sedge and bed-
straw were the most comnon ground plants. The soil v/as a typical 
Lindley loam with a good surface covering of litter and duff. The A 
horizon vras slightly sandy. 
Plot H was in a field of alfalfa wMch did not fit directly into 
tho successional series. Tho soil was a woll developed Clinton silt 
loam (figiire 6) in v/hich not much erosion Imd taken place. It had been 
limed at the rate of 3 tons per acre in 1957 and had received 330 pounds 
per acre of 2-12-6 commercial fertilizer in 1938. Seeding treatments 
v/ere tho same as for plot 1 until the siAmmer of 1938 v/hon the covor v/as 
plovred under and the field sown to alfalfa, Tho alfalfa in the fall of 
1938 made only a fair stand. The follcwing weeds vrere present x sweet-
clover, ragweed, ticklegrass, goldenrod, lonb's quarters, smart weed, 
and wild pepper grass. 
Twelve plots v/ere located at random in an area of about 1.5 acres 
of badly eroded land which had been given a basin-listing treatment. The 
lister (23, 25) performing the operation opened a largo furx'ow by throw­
ing the soil to eaoh side. A plate, dragged along the intervening furrcsr, 
was lifted at intervals of about seven feet, leaving soil vfhich formed 
tho end v/alls of the basins. The basins v/ere not all made on the contour 
and some of the end v/alls washed out where the long axis of the basin 
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Plguro 4, Suinao in plot 9. Kentucky bluegraBs, aster, yarrorj', and 
panic grass make up tho imderstory. 1938• 
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Figuro 5. The understory in the oak-hiokory plot in Juno 1938 
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Figure 6, Clinton silt loam soil profile in plot H, showing oompaot 
silt loom in the upper 10 inches of soil, the surface 
portion of v/hioh had been dinturbed by plowing. The B], 
and 02 horizons are a tough compact olay becoming coltnnnar 
in the B2 horizon# Aljpalfa roots penetrate well into the 
C horizon. 
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Figure 7. A profile of the soil in the basin-lioted field adjacent 
to plot IX» The surface soil of 4 to 5 inches had accu­
mulated in the bottom of the basin afber the listing 
treatment. The profile before listing is shovm on the 
side wall at the right. The subsoil is a tough gritty 
clay. 
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sloped doivn hill. The baBin-liBting wao done during tho summer of 1936, 
In 1938 and thereafter the basins Avith broken walls were kept in repair. 
In locating tlxe plots at random in 1937, several wore moved one or two 
basins east or west to avoid basins v/hioh had v/aohed out. 
The field faced northward and had a slope of about 18 per cent. The 
field had been planted to corn every year mitil the yields were at 
very low levels, and in 1934 it vras abandoned. The soil vras badly eroded 
Lindley loam and only part of the subsurface soil remained. The depth 
£' 
varied but averaged about 4 to 5 inches (figure 7), ThJ.s layer was a 
heavy silt loam except in the Iwer part of the field where sandy or 
gritty clay v/as found at the surface. The area had received the same 
seeding treatments as plot 1 but no lime or fei'tilizer had been added to 
the area, Figiire 7 shows the effect of tho basin-listing on the soil 
profile. After basin-listing, surface soil is washed into the basin from 
the walls accumulating in the bottom of the basin on top of tho exposed 
subsoil. 
Quantitative measurement of vegetation. 
Quantitative data were obtained on vegetation by use of count-
list quadrats, and by dry weight of plant I'oots and tops. For rapid 
quadrat counts readings were made of alternate square decimeters in 
alternate rows so that actually one-fourth of the area was count-listed. 
For root-top studies, squares, 16,000th of an acre in area were 
marked off adjacent to the plots described above. The soil was removed 
on all sides of tho squares to about 16 inches. Figure 8 shows the 
method of analysis in the field. The tops were cut off even with the 
Figure 8. The technique of obtaining materials for root-top analyses 
Figure 9. Surface layers of plot 7 shov/ing the method of removing 
the 3-inoh layers of soil for root analysis. 
soil surface and placed in a cloth sack. All dead plant material on 
the soil surface was placod in another sack. The roots vroro separated 
from the soil by sifting through hardivare cloth, keeping each 3-inch 
layer separate (figure 9). Data were taken to 9 inches in 1938 and to 
IE inches in 1939. Tlie samples v/ere v/ashed free of soil and dried at 
105 degrees Centigrade, 
Soil-water relations. 
Data on the water econoiny of the soil were obtained by measure-
ment of runoff, infiltration and percolation rates and depth of pene­
tration, Rimoff and infiltration rates were deterndned by use of the 
Pearse (56) apparatus vjith which water was applied at the upper side 
of a 16,000th-acre plot at a certain rate and the runoff collected at 
the botton of the plot, A ten-liter •volume of v/atcr v/as applied in 
about 9 jninutes v/liich is about 1,5 inches of water at tlio rate of 10 
inches per hour, A second test v/as nan several hours later. The extent 
and direction of penetration of vmter v/ere then determined and recorded, 
A measuroment of jjercolation was made by use of 6-inch holes laade 
with a soil auger 1,5 inches in diameter. The time required for the 
water level to drop from 6 inches to 3 inches vms measured at 6-inch 
depths to 3 feet. Figure 10 shows a diagram of the apparatus, A five-
eights inch glass tube was placed in the center of tlie hole and a small 
piece of tubing at one side. Cotton gauze vras placed over the ends of 
the tubes and a half inch of coarse sand was placed in the bottom of the 
hole to prevent puddling or entrance of soil into the tubes. The hole 
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Figure 10. Apparatus for jneasuring percolation rates of suooeesive 
6-inoh layers in the field. 
V 
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around the tubes was then Ullod vrith fine sand to prevent the v^ alls of 
the. hole frojii caving in and to hold tlio tubes in plaoo, V'ator ma added 
at the bottom of the hole through tho small tube by moans of a funnel 
and petcook. This prevented air from becoming trapped in the bottom. 
iYithin the large tube a oork with a straw indicator v/as used to determine 
the lovol of the vmter in tho hole. V/ater was added until moisture 
appeeu*ed in the sand at the top of tiie hole. The hei^ t of the indicator 
was noted and the storting time recorded. 
For 6-inoh depths below the surface, a post hole auger was used to 
remove the soil above the depth to be measured. The soil auger hole was 
then made in tho bottom and the apparatus installed, Tliis method was 
found to work satisfactorily dovm to 3 feet. Longer tubes and indicator 
straws v/ere used at the lower depths. 
Soil structure cmalysis. 
After sxirveying the possible methods of measurement of soil 
structure, the detGrmimtion of capillary and non-capillary porosity 
vreis selected for use in these experiments, A modified Goile sampler 
(16) vms ixsed for obtaining undisturbed soil samples in the field, Tlie 
sampler vms attached to a wooden handle so that it could be driven into 
the soil with tho least possible change of direction, reducing compression 
from the side, A wooden mallet was used to drive the sampler into the 
soil. After the sample was taken the cylinder eind soil v/er© removed frora 
the sampler and the soil was trir.ined off by a slicing motion of a sliarp 
knife, until it occupied the exact volume of tho cylinder, A standard 
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9 centimeter filter paper was then placed over the Imor end of the 
sample ajid held in place with a IJo, 32 rubber band. It was then placed 
in a 3 ounce tin soil box which hold tho soil in the cylinder until it 
reached the laboratory. 
The field woi^ ts were taken for moisture per cent determinations 
and the saraples were placed on tho porous plate for the capillary 
moisture detoriaimtion. The v/ator level vms kept just even v/ith the 
surface of the porous plate and the samples allowed to talce up water by 
capillarity* Dy the end of tho sixth day the samples reached an equi­
librium and were weighed and dried at 105 degrees Centigrade. Tho dry 
v/eight and tlio v/eight of tho cylinder, filter paper, and rubber band 
were taken, Spaoific gravities of tho samples were detonnincd in tho 
laboratory by tho pionometer method and iho volune-^ veight and total 
porosity vj-oro calculated, Tho non-capillary pore space was obtained by 
subtracting the voluine of capillary water from ihe total pore space. 
These deteiTainations ore discussed more fully below. 
Total cai'bon of samples was deteraiined by the dry oombustion method 
(3, 84), The measurement of soil reaction wbe mado wdth the glass olecr 
trode (31, 49), 
Moisture stations wore set up adjacent to plots 1, 2, 3, 5, G, 7, 
10, and in the basin-listed area near plots 17 and IX, Samples v/ere 
taken at intoirvalB of about two v/eeks during tho groiving season and once 
a month during the vrinter. The schedule was modified somewhat according 
to the weather bjr taking saBiples one or two days after a rain and at tlie 
driest time between rains. The depth of sampling was as followsi 0 to 
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0,5 feoffc, 0.5 to 1.0 feet, 1 to 2 foot, 2 to 3 feet, 3 to 4 foot, 4 to 5 
foot, and 5 to G feet, 
Wilting per cent determnationB wore made by the direct method 
(76), using sunfloiver plants. Fi'om these data available raoisture was 
calculated at the various depths# 
Results 
Plant cover ohanges. 
A description of the plant cover on the plots in 1030 has boon out­
lined imder the descriptions of the plots. Aa oxaraination of the species 
mking up the various stages of plant succession revealed an increase in 
height and length of life of the plants as the liigher stages were reached. 
A brief description of some of tlie more frequent species is given in the 
following paragraphs. 
The weed stages v/ere inado up largely of annual plants. Bracted 
plantain is a winter annual. The seeds germinate in the jftxll and may 
fom a grassrlike mat which persists over winter. In the spring, the 
plants grovr rapidly and produce flowers and fruit by the end of June or 
earlier if moisture becomes deficient, llagweed was present in all of the 
stages up to the shrub stage but did not become largo or abundant unless 
there was scmo soil disturbance such as plowing or rodent activity. In 
late svutDTior contour furrows could be recognized from a distance by the 
continuous stand of ragweed 2 to 3 feet in height v/hich grow on the 
upturned soil. Other annual plants found in the weed stages were the 
three-mm grasses and tioklegrass. TVTO species of tlie thros-aym grass 
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ar© usually found only on liare eroded soils, Tlie appearance of these 
tv;o (grasses indicates that most of the topsoil has boon eroded ar/ay and 
that low fertility conditions exist. Ticklegrass formed sinaH bunches 
on heavy eroded olay soils. Hush v/as also foxmd in heayy soils especial­
ly whore competition frau other plants vras not c^ oat. Daisy fleabane is 
an annual which becomes conspicuous in June because of its white flowers. 
It usually occurs on shallow, sandy to loamy soils of low fertility. 
Trailing wild boan and partridge pea are tv;o annual legumes v/hich 
v;ere found on eroded soils. The wild bean was nost common on stindy open 
places and v;as quite abvindant on hij^ hly acid exposed slopes which indicates 
that it may have soil building value, 'i'lie partridge pea groivs on heavy 
clay soils whore the surface layors havo been removed, IJodules were 
numerous on the roots of both species. 
The follonTint; plants were found in several stages but were most 
frequent in the short-lived perennial stage. Sweetclover, a biennial, 
is rather inconspicuous during the first year. The top dies back dtiring 
the fall and the flavoring stalk is produced the second spring. Panic 
grass and redtop are perennials of importance on eroded soils. Redtop 
(figure 11) forms a sod in moist places which are wet during some pajrt 
of the growing season. It thrives in the bottoms of failles and on moist 
slopes although it is ablo to survive drouth conditions fairly well. 
Yarrow is a peremiial of minor importance. Canada bluegrass occupies 
the drier sites of eroded soils. It has small loaves but it gives a 
little cover to the soil. It grows rapidly until it flowers in June, 
After the soil has boen built up by the v;eod and sliort-lived peren-
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Figure 11. A deiase groivth of redtop in basin-listed plot II, 
September 1939. In 1938 the oover had been panic 
grass and aster, with only a fosr plants of redtop 
and swoetolovor present# 
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mal Btages, Kentucky lalueGi'ass liiay invade and 13000110 established. It 
groiTS rapidly and produoeo seed by tho first of June, It tends to form 
a dense oompaot sod v;hioh rnxty have a lev; infiltration rate although it 
gives ample protection to the soil from erosion. 
The first slirub to invade eroded areas is suraao. It has deep roots 
and rhizones by :neans of which it may invade horbaoeous plant cover areas 
and become dominant, Itovever sumac clones did not beoone very dense in 
tho area studied because the trunks are quite susceptible to girdling by 
rabbits dtiring winter, Each spring, horrever, new shoots are sent up 
from tho base. Ordinarily suiaac inay live for from five to ton years. 
Two other shrubs, hazel and coral-beriy are found on the more fertile 
soils and do not conunonly appear in the plots of this succossional series 
on eroded soilso 
The oaks and hickories have tap-root systems which penetrate deeply 
into tho soil and as a result are able to survive periods of di'ought. In 
a bisect, tho roots of a shingle oak 2 feet in height were found to 
penetrate to a depth of 10 feet In a Lindley loajn. These trees nay live 
50 to 150 years or longer. 
Quadrat readings from the successional plots aro given in table 
II, Plot 1 had a predoiainance of bracted plantain in 193B but in 1939 
the number of these plants was reduced to almost one-half, Tliis reduc­
tion v/as accaiipanied by an increase in redtop, ragweed, and lespedeza, and 
by the appearance of Kentucky bluograss and green foxtail in -She plot. 
The lespedeea, v/Mch Imd resulted from seedings, foi'med quite a dense 
Table II. Sunroaiy of quadrat data from plots in the suocessional stages 
Late Short-lived Oak-
Stage Early weed weed perennial Kentucky bluegrass Sumac hickory 
Plot No. 1 2 3 4 5 6 7 8 9 10 
Year »38 »39 «38 '39 '38 «39 '38 «39 «38 »39 »38 »39 '38 «39 '38 '39 *38 '39 '38 *39 
Aoalypha sp. 3 
Aohiliea lanulosa 3 4 7 4 12 6 10 5 3 4 
Agrostis alba 1 66 34 2 55 13 61 19 11 
Agrostis hiemalis 19 1 8 
Ambrosia elatior 3 50 4 11 3 9 2 2 
Antermaria sp. 3 
Aristida dichotoma 1 47 5 1 
Aristida oligantha 20 51 111 21 13 1 
Aster multiflorus 3 137 126 107 138 20 22 6 18 9 44 
spectal)£lis 
:lgeron aimat 
itfaorbia 
maculata 2 
Fragaria 
yirginiana 
1 
Car ex sp. 1 7 152 
Eragrostis 
1 3 4 2 2 
Er ymgus 4 4 14 1 1 29 1 
Ba
2 
Galium sp. 9 41 
Juaous tenuis 52 
Laotuca 
canadensis 1 14 
Lepidium 
ftpQtaium 1 
Lespedeza 
stipalacsa 16 412 2 
Melilotus 
oMoinalis 111 47 10 245 4 87 4 25 
Iilahlexibergia sp. 2 11 
Oxalis stricta 9 
Panioua eapiliare S 16 4 
Panicum huaohuoa© 11 11 9 28 48 40 6 32 12 5 6 67 1 1 
Hileua prate;isg 5 
Plantago aristata 414 213 10 55 20 17 2 10 
Poa coGanressa" 32 787 642 
Poa pratensis 61 17 8 471 31 215 1143 215 1148 209 1510 63 369 16 35 
Polgnonl.im 
reptans 
Psedera 
quinquefolla 
lycnanthemum 
1 
1 
i 
I 
I 
I 
Lao-cuca 
canadensis 1 
Lepidivaa 
ftRetaium 
Lespedeza 
stipalacea 16 412 2 
Melilotus 
o^ fioimlis 111 47 10 245 
Mahleiibergia sp* 2 
ttcalis stricta 9 
Paniouta eapillare S 16 4 
panicum huaohucae 11 11 9 28 48 40 
Hileaa. pratenag 5 
HLaatago aristata 414 213 10 55 20 17 2 
pQg. conipressa 
Poa pra-bensis 61 17 8 471 
rtoianonitgg 
reptans 
Psedera 
quinquefollR 
y^cnanthgiman 
fleguosum 1 
Querous alba 
Bhus glabra 
Rubus 
allegheniensis 
Rubus villosus ~ 4 
Rmaex. AoetosejQa 262 
Setaria viridis" 11 
Solanim 
caroiinepBe 2 
Solidago sp» 24 4 2 
StropkoJtylea 
helTola 9 41 » 
Ssrmphoricarpos 
orbiculatus 
Trifolium 
pratense 
Vemonia 
altiasiBa 
Viola sororia 
Moaa (xwpresence) X  X  
1 4 
1 
4 87 4 25 
11 
6 32 12 5 6 67 1 1 
10 
33 787 542 
31 215 1145 215 1148 209 1510 63 369 16 35 
1 
1 
1 
7 20 
14 23 5 
2 11 
1 
X  X X  
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cover in more favorable spots in 1939 but failed to roseed itself in 
1940. Three-avm grass, aster, and desf/berry had disappeared from the 
plot in 1939. 
Plot 2, although still in the earljr vrood stage, liad fosvor braoted 
plantain plants but a greater number of plants of astor, goldenrod, and 
throG-own grass. In 1939 the number and spooies of plants increased and 
the plot evidently had progressed to the late vreed stage. Tli© numbers 
of throe-tnvn grass and braoted plantain plants had greatly increased 
and redtop, rush, and yarrovsr had mado their appearance. The presence 
of the rush and ticklegrass indicated a compact poorly aerated surface' 
soil. 
Plot 3 in 1938 vms in the late v/eed stage. Table II shev/s tliat 
aster, Evreetclover, bracted plantain, panic grass, and trailing v/ild bean 
were the chief constituents of the cover. In 1939 the BV/eetclover and 
aster had disappeared and red sorrel, three-aym grass, and vj-itchgrass 
had made an appearance. Trailing wild bean, panic grass, and yarrow had 
increased in numbers. 
plot 4 was also a late vreed stage in 1938. The plot vms covered 
by the aster, panic grass, three-ovm grass, and a fm plants of sweet-
clover, Kentucky bluegrass, and redtop. In 1939 by the alj.iost complete 
dominance of sweetclover, redtop, and Kentucky bluegrass the plot became 
a late short-lived peremiial stage. The aster was greatly reduced in . 
numbers ajid the tliree-awn grass liad disappeared. 
•» 
Plot 5 was in the short-lived perennial stage in 1938 (figure %?,), 
Canada bluegrass, Kentucky bluegrass, aster, emd yarrcfiv formed a fairly 
Figure 12» Covor on plot 5 in the short-lived poreimial stage in 1939» 
Canada bluegrass and panic grass are in head. Svreetclover 
and deivljerry are present and the dark colored stalks of 
dead daisy floabane are shovm. 
Figure 13. The Kentuoliy bluegrass covor on plot 7 in 19S9. The iron-
v;eed shavn has persisted fVom the alirub stage wMoh had 
been removed in 1936. In this plot aster, ragweed, panic 
grass and red clover had been present in 1938• 
dens© cover. Plants of bracted plantain, panic grass, and swaotclover 
wore also present. In 1939 tho Canada bluep;ra8s, svioetclovor, and panic 
grass increased greatly in numbers and Kentucky bluograsB ojid three-own 
grass disappeared from the jjlot, Kagvveed and daisy fleabane appeared in 
the plot in 1939. 
Plot 6 in 1938 war> populated by Kentucky bluegrass and redtop 
with a few plants of aster, Kentucky blueerass incroased in numbers 
over five tines in 1939 and Cajiada bluegraes appeared in the plot. All 
other species disappeared except an occasional lettuce. 
Plot 7 in 1938 still gave ovidonce of its former slirub and shag-
bark hickory cover by tho persistence of ironweed in its Kentucky blue-
grass cover. The presence of aster, ragc/eed, and panic grass indicated 
that it had recently been disturbed in clearing it of brush, Sweetolover 
and rod clover which resulted fron artificial seeding completely dis­
appeared frcm the plot in 1939 (figure 13), The Kentucky bluegrass cover 
greatly increased and redtop made its appearance. The weedy species, 
ragweed, aster, and milk purslane had disappeared. 
Plot 8 Tfas a v/eedy Kentucky bluegrass stage in 1938 which had a 
nxuaber of red clover, and aster plants. In 1939 -Uie Kentuclqr bluegrass 
increased seven times and s^ veetolover became abundant. The aster dis­
appeared and red clover was inuoh less in evidence. 
Plot 9, the sumac plot, had an understory of KontucJcy bluegrass, 
aster^  panic grass, and yarrovx. In 1939 the astor and yarrov/ disappeared 
and the panic grass and Kontuclqr bluegrass greatly increased in abundance. 
There was apparently a larger number of sumac shoots in the plot in 1939. 
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Plot 10 vms in the oak-hiokory aooond grovrbh. Counts irjad© of the 
under cover showed that Kontuoliy bluograss, sedf;G, and bedstraw were 
the most ooiranon plants in 1938, The alirubs, ooral-bei*ry, and aromtio 
suraac were present (figure 14). In the spring of 1S39 ranch of tho shade 
of tho plot was removed when trees v/cre cut out on the oast side of the 
plot, Tho effect of tho inoreasod light ie reflected in the much denser 
ground cover of sedge, bedstraw, and Kentucky bluegrass in 1939, and the 
appearance of muhly grass, goldenrod, milk purslane, and dCT/borry. 
Plot H in the alfalfa showed a doubling of the number of stalks 
in 1939 over 1938 and tho appearance of ra(5v<-eed, lamb's quarters, redtop, 
pepper grass, smartweed, Eind tioklegrass. In the spring of 1940 these 
weeds were crofkvded out by the development of the alfalfa to form a corn-
plote cover. 
The basin-listed area in July 1936 had just been basin-listed and 
lacked any sort of vegetation# In tho fVill of that year it beoamo 
populated with a cover of bracted plantain. The next June the bracted 
plantain matured and died, and the ragweed which had started in the 
spring began to show. Some sweetclover and redtop plants were to be 
found among the ragweed but they were comparatively inconspicuous. The 
ragweed attained a height of 3 to 5 feet. Tho loose soil and the in­
creased moisture supply in the basins caused an increase in the grov/th 
of ragv/^ eed plants of about two feet over those in adjacent areas plov/^ ed 
but not basin-listod. In the Buramer of 1938 tho old ragv/eed stalks were 
present but the aspect of the area vms oliaracterized by Bv/eeiolover 
(figure 15) in the upper and central loss eroded basins. Goldenrod and 
Figure 14. Cover and soil block in the oak-hickory forest. Plot 10, 
in 1930. The shrubs ars coral-berry (left) and aromatic 
Buraao, Sodgo and Kentucky bluegrass are also present 
Dhovr3.ng tlirough the heavy layer of littor and duff. 
•HIS"" 
Fl^ ro 15, Basin-listed area in 1938# Basins in foreground had juat 
been repaired. Basins wMch had not been v/ashed out had 
a dense cover of svrootolovor. 
Figure 16. Basin-listed area in 1939. In the baokground redtop had 
replaoed the svfeetclover. The basins on the left wore 
kept in repair after 1938 and had a cover of aster and 
goldonrod. The foreground v/as not basin-listed. I'he 
markers for plots XII and IX may be seen on the extreme' 
left. 
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aster wore dorainant where the basins hixd washed out and moisture was 
deficient. In 1039 the redtop had increased to a position of dominance 
over most of the area except in iiie raore eroded border portions in which 
aster and p;oldenrod were co-dominant with it (figvire 16), In table III 
are listed the quadrat readings for 193B and 1939, The phenomenal in­
crease in the quantity of redtop and siiTeetclover is shown, Goldenrod 
and alsiko clover increased in several of tho plots. The quantity of 
aster decreased in all plots except I, 17, and VII, Panic grass and 
bracted plantain decreased or disappeared in all the plots. 
Observations in tho spring of 1940 indicated that redtop was be-
ooiTiin^  completely dominant and only sweetclover and panic grass remained 
consistently over the vrhole area. The weedy spocies vfore rapidly dis­
appearing and some of the eroded areas which had had a cover of aster in 
1938, had a tliin cover of sweetclover in 1940, In figure 17 a basin is 
shown vrhich had vjashed out and had been repaired 10 months before. The 
vegetation v/aa still in the early weed stage. Figure 18 shcsvs the next 
basin to it which did not v/ash out. The plant cover had passed through 
the early and late •vteed stages and was in the short-lived perennial 
stage. The cover consisted of redtop, sv/eetolover, and panic grass. 
The plemt cover changes described above slicssr notable increases in 
the number and changes in species of the plants wMch riade up the vege­
tative cover as plant succession progressed. In addition, a study has 
been made of the quantity of roots and tops and tho distribution of the 
roots in the surface 12 inches of soil. In table IV tho average dry 
vfeights of tho of the roots, tops, and duff from the suocessional plots. 
Table III." Quadrat data frcsn basin-listed plots for 1938 and 1939. 
T" Plot I 11 III 17 
Year 58 39 38 39 38 39 38 39 
Aoalypiha sp» 7 
Achillea 
lanulosa 
Agrostis "alba L2 930 6 860 15 743 4 803 
Agrostis 
iiiemaii's 3 7 
Ambrosia 
elatior 1 1 1 
Aristiiia 
oligantha 
Aster 
SrTooides 20 50 4 1 6 6 39 74 
var. Tiilosus 
Carex sp«-
Erigeron 
anzuus 
Juncus siacer 9 
Melilotua 
officinalis 5 90 1 14 3 47 1 173 
Panicvua 
kuaciui'cae 39 32 33 2 64 64 25 
Hileum 
14 pratense 3 
Plantalgo 
airistata 37 
Poa pratensis 14 2 27 6 
Sooale cereale 
35 Solidago sp^  15 1 
Trif'oliiaa 
6 liybri^ iaa Ow 
Trifolium 
pratense 1 
UliauB spi 4 6 
38 39 
7 797 
31 
33 16 
8 8 
35 
244 52 
TT 
38 39 38 39 
6 660 
11 
16 
1 59 
23 2 
136 
13 10 
13 
1 
VII 
1 
6 525 
3 21 
4 
35 52 
8 9 
39 11 
1 
66 
5 7 
23 
49 
1 6 
VIII 
38 39 
17 555 
18 16 
3 25 
55 6 
60 20 
IX 
38 39 
8 547 
6 
2 
|15 568 
24 27 
20 
3 13 
38 4 
105 4 
28 
12 
3 
1 1 
38 39 
35 3 
7 69 
25 5 
la 
38 39 
13 752 
38 4 
7 44 
30 4 
112 
1 
38 39 
11 583 
9 
10 
36 30 
51 
41 
123 7 
3 
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Figuro 17, A basin adjacent to plot XII, Ffly 20, 1940, which, had been 
repaired 10 months before. Bracted plantain had invaded the 
new vrall and ragweed, bracted plantain and redtop v/ere be­
coming more dense in the basin# 
Figure 18, A corner of plot XII on JJiy 20, 1940. This basin had no 
runoff# The cover is made up of redtop, svveetclover and 
a feiT plants of aster and goldenrod. The latter tvro plants 
were dominant in 1939. (Compare with figure 16) 
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Table r7'. Average dx'y v/eights In kilograms por aero of roots, duff, and tops ftrom plo ta in 
vep;otnti-oa, : early v/oed stage : L.wood jshort-livod peronnial 1 
. . Kontu( 
Plot Ko. t 1 t 2 s 3 t 4 t 5 s  ^
Year : 1938 1939 t 1938 1939 J 1939 t 1939 i 1938 1939 11938 ISSS { J 
Tops 667.4 1268.2 555.5 843.7 734.7 762.1 1499.5 1731.2 2386.9 1669W Q 9: 
Duff 526.0 951.3 803.0 955.0 295.8 668.0 903.3 289.1 1214. 1 3( 
0-S" 184.2 591.3 il3.4 410.9 279.0 275.2 780.5 1196.3 2126.7 1946. 5 9^  
3-6" 14.6 43.4 3.7 25.4 30.4 255.2 138.2 61.4 191.4 213. 3 • « 
6-9" 5.1 38.6 10.9 11.6 16.S 173.1 105.6 31.2 102.1 75, 5 • t 
9-12" 7.4 6.8 12.2 55.8 17.1 27. 7 
0-9" 203.9 674.3 128.0 448.0 326.5 703.5 1024.3 1289.0 2520.2 2253. 3 105 
Ratio roots 
0-9" to tops .357 .532 .434 .532 .445 .923 .684 .744 1.055 1.3E 1 1< 
Por cent 
basal area 0.9 0.6 0.9 1.6 4.0 O -
*
 
CO 

{ 
jod tops from plo ta in 1938 und 1939. J 
' Kentuoky bluegrass s smew' : btdc^ lclcbiy salfalfa: Tf basin-list 
' . J ^ . a , lo r^H ; ^ M " 
1 sl938 im ,• rjj55 •' 
—TSSD"" t im VIW" 1939 ! • im' rss'5""""i •BS9 1939 t 'Yi 
,2 23B6.9 1669. Q 917,3 924.2 1697.3 1697.1 3355.5 795,5 1246.6 605,8 928,0 1434.6 801 
,3 289.1 1214. 1 302.6 923.7 1520.6 908.8 1007.7 1947.8 3113.0 837.9 227.2 812.8 515 
,3 212G.7 194G, 5 975.4 2042.7 3110.2 214B.6 2088,8 1672.8 1340.0 521,8 385.4 512.0 57C 
.4 191.4 213. 3 32.6 122.2 174.6 546.2 303.0 414.7 872.8 119.2 48.2 32.8 127 
,2 102.1 75. 5 26.4 81.1 115.8 148.8 144.6 670.6 1169.1 66.9 9.0 28.8 2£ 
.1 27, 7 79.5 61.3 137.6 969.1 62.9 5.6 
.0 2520.2 2253, 3 1033.4 2246.0 3400.6 2843.6 2546.0 2758.1 3382.4 707.8 442,6 573.6 72'i 
M: 1.055 l.SS 1 1.127 2.434 2.002 1.670 .759 3.561 3.491 1.166 .478 ,400 
.0 09
 
o
 
6.0 10.0 
oanopy 30 
3.3 
canopy 80 
1.5 2.0 3.9 

plo t.3 in 1938 and 1939 
Itontuokv bluesrass 1 suraab t oak-hickory zali^ alfo.: m basin-'liEtsd 
» i t J y J 10 J , H jJ' H 1 N 
t 1938 1939 1 "IW j" ISSii' * 153S 1S3£) t 19S9 11938 1939 : 1938 1939 
369w 6 917,3 924.2 1697,3 1697.1 3355*5 795,5 1246;6 605.8 926,0 1434.6 801,0 1490.9 
HA, 1 302,6 923.7 1520,6 908,8 1007.7 1947.8 3113,0 837.9 227.2 812,8 515,8 1005,3 
346, 5 975.4 2042.7 3110,2 2148,6 2088,8 1672.8 1340.0 521.8 385.4 512.0 57.0,9 534.1 
213, S 32,6 122.2 174.6 546,2 303,0 414.7 872,8 119,2 48,2 32.8 127,0 30,9 
75. 6 26.4 81.1 115.8 148,3 144.6 670.6 1169.1 66.9 9,0 28.8 29,9 30,7 
27. 7 79.5 61.3 137.6 969.1 62.9 5,6 13,6 
553, 3 1033.4 2246.0 3400.6 2843,6 2546.0 2758.1 3382.4 707.8 442,6 573,6 727,8 595,7 
U3g 1 1.127 2.434 2.002 1.670 ,759 3,561 3,491 1.166 ,478 ,400 ,909 .400 
8^  0 6.0 10.0 
canopy 30 
3.3 
canopy 80 
1.5 2.0 3.9 3.5 
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the alfalfa plot and ttvo locations in tho basin-listed area, ai'o tabulated 
for the years 1938 and 1939. Tho root-top ratios and the per oent basal 
areas are also included. 
In plot 1 the diry v^ eight of tops averaged 667.4 kilograma on an 
acre basis in 1938 but in 1939 the quantity was nearly doubled. The dry 
weights of roots in the surface 9 inches inoroased IVom 203.9 to 673.3 
kiloEronis per acre in tho same years. The presence of the lespedeea in 
1939 accounted for a pairt of this increase. 
Plot 2 liad lower weights of both roots and tops than plot 1. There 
was an increase in quantity of roots of more than tliree timos in 1939 
over 1938. The increase was mostly in the surface 3 inches and all of it 
was in tlie surface 6 inches. 
Only the 1939 reading was obtained froia plot 3. It was same'-vhat 
belovi that of plot 2. There were feirer surface roots but a larger per­
centage of the roots were in the 6 to 12 inch layer. The increased 
depth of the roots may have been in part a response to the sandy loam 
nature of the surface soil and partly due to the lack of available 
moisture in tho surface layers. Tliis will be discussed later under 
soil structure. Hor/ever, in all of tho plots in v/eed stages 85 to 91 
per cent of the roots were found in tho surface 3 inches. Figure 19 
shows the average distribution of roots in the surface foot of soil for 
the suocossional stages. 
Plot 4 vfhioh vros in the short-lived perennial stage had only a 
slightly higher top growth than plot 3, but plot 4 had over tv/ice the 
quantity of roots in the surface 9 inches as did plot 3. The surface 
"SO" 
ZSoO— 
2000 
on /OOO 
J f - / z  
Stages 
5horl-l\ve() KeniucKv/ 5urncic OaK-
Perenn'iol Bluegross hicKoiy 
1935^  Ave r^ aoe. 
Fi<^ure 19 Disfnbuti'on of roots in ttie 
5urf^ ce 11 inches of 5oil in several 5tcge3 
o\ seconddf^ pl^nt 5Ucw5\bn. 
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3 inohos of soil had about the same quantity of roots as v/oro fo\jnd in 
tho lato wood stage "but the quantities in the zone between 3 and 9 
inches were 10 times as great. The proaonoe of swoetolover probably 
acoounts for thir. :fact. 
Plot 5, T/ith its cover of Canada bluegrass and sweetolover, was a 
more advanced short-lived perennial stafre. It had much higher root and 
top dry weights than did any of the first four plots. The increase in 
root weights in 1939 over 1938 VICLB in tho avirfaco 3 inohos. All of the 
other levels decreased slightly in 19S9. 
Plots 6, 7, and 8 xfero in tho Kentucky bluograss stage. Plot 6 
contained some Canada bluograss raoking it intermediate bebvreen plots 5 
and 8. It liad less top cover in 1939 than in 1938 but tJie quantity of 
roots vms only slightly less. In 1938 plot 6 had 2520.2 kilograms por 
acre of dry roots as compared to 1024.5 kilograms per acre in the short­
lived perennial stage (plot 5), 
Plot 7 had a much Iw/er quantity of tops tlian either plot G or 
8, ond thore was little change in 1939 over 1938. However, the quantity 
of roots in this plot was more tlmn doubled in 1939. 
Plot 8 in 1939 had 1697.3 kilograms per acre of dry weight of tops. 
The roots in the surface 9 inches weighed 3400.6 kilograms per acre of 
which 3110.2 kilograms were in the surface 3 inches. This was the 
highest reading obtained for any plot of the series. 
In plot 9 the sumac rliizaraeB v/er© classed as underground parts 
together Yri.th tho roots. The total weights of underground ports for the 
Burfaoo 9 inches wore 2843.6 and 2546.0 kilograms per acre in 1938 and 
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1939 respectively. The roots of this stage vroro sli^ itly deeper than in 
the previous Btages, a larger poroesntage of them being found in tlie 3 to 
6 inch layer. The dry weights of tops varied greatly. This was probably 
due to sampling error, since a difference of one stallc of sumac v/ould 
tliroiT the balance one way or the other. More samples are needed in the 
shrub and forest oominunitios to establish the weights of their tops. The 
root data do not show such great variation. 
Plot 10, which vras in tlie oak-liickory stage, was subject to the 
some sampling error as found in plot 9. The top studies in this plot 
included only the vinderstoiy plants and seedlings of the forest trees. 
The litter and duff vrere tvri.ce as great in dry weight as under any of 
the other plots. The quantity of roots in iuo uui'Taco 9 inches vma about 
the same as for the sumac (plot 9) but the distribution of roots was 
deeper. The second 6 inches of soil contained nearly as large a quantity 
of roots as the surface 6 inches. The understory plants had shallow 
roots, only a small percentage of vrtiicli penetrated below 4 or 5 inches. 
The roots below this level wore neoi'ly all tree roots. 
Plot li in the alfalfa field had 707.8 kilogrcraB per aore of roots 
in the 0-9 inch layer of soil in 1939. This was an amount sinilar to 
plot 4 in the short-lived perennial stage. The roots v/ent much deeper 
in both of these plots than in the weed stages. The alfalfa had 605,8 
kilogramo per acre of tops which was slightly less than that fomid in 
plot 4, 
Plots I! and N vforo located in the basin-listed area. Readings 
were taken in conjimction v/ith profile studies i^ iioh v/^ ill be discussed 
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later. The oo'/cr of those areas was chiefly rodtop, swoetolover, and 
aater# Plot Iv! proved to have fewer roots than Plot N in 1938 but in 
1939 thoy had practically the some quantity. The average dry weight of 
roots for bol.'p. plots was about 600 kilograms per aore. The quantity of 
tops was nearly doubled in the plots in 1939. The density ttiid quantity 
of the top cover v;iis about equivalent to that of the short-lived peren­
nial stage but the quantity and distribution of roots was similar to 
that of the vjeed stages. This was due in part to the frequent water-
soaked condition of the basin bottoms. 
In table IV, the ratios of the dry weight of roots found in the 
surface 9 inches of soil to the dry weights of tops in each plot are 
listed. These figures suniinarize the relation of roots to tops in the 
succession. The weed stages had ratios between 0.357 and 0.532. The 
ratios in the short-lived perennial stage ranged from 0.684 to 0.923. 
The Kentucky bluegrass stage had ratios ranging from 1.055 to 2,002; the 
shrub stage from 0.759 to 1.670; and the oak-hickory forest stage from 
3.491 to 3.561. The ratios in the shi'ub stage would probably have been 
higher if the sampling depth had been greater than 12 inches. The ratios 
in the forest would probably have been much Imer if samples were made 
to include the tree tops. The ratio in the alfalfa plot was of the same 
ordor as that in the Kentucky bluegrass stage. The basin-listed plots 
had ratios v/hich fell among those of the v/oed stages. However, in 
r.onoral there is a significant increase in the root-top ratios as the 
succession progresses to the higher stages. 
Percentage basal areas for 1939 given in table IV showed that there 
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was a gradual increase in the basal area, and theroforo in tl:e protection 
from runoff and erosion, as the succession advanced. Basal area reached 
a maximum of 10 per cent in the Kentucky bluograss stage (plot 8) and 
then declined as the canopy became a factor in the sumao and ook-hiokory 
stage. 
Quantitative determination of modifications in soil structure. 
The final test of soil structure is its ability to absorb and render 
available a moisture and nutrient supply sufficient to support the climax 
vef'.etation of a region. 
The precipitation ivhich falls upon an area either evaporates, sinks 
into the soil or runs off on the surface. The nature of the plant cover, 
the slope and condition of the soil surface, and the nature of the soil 
profile are instrumental in determining the fate of the water. Plant 
cover has been discussed. The condition of tVie soil surface and the nature 
of the soil profile v/ill now be considered. 
Measurement of the runoff of plots under the various plant communi­
ties was made by applying v/ater at the rate of 9 inches per hour as des­
cribed above. The results of tliese tests are f;iven in table V. A tendency 
may be observed in the successional series, plots 1 to 10, for the runoff 
percentage to decrease as the plant cover reaches the higher stages. The 
wood stages averaged about 60 per cent of runoff and the short-lived 
perennial about 41 per cent. The Kentucky bluegrass in plot 6 has the 
high rate of 6G per cent but plots 7 and 8 averaged about 41 per cent. 
The shrub stage, plot 9, had 10.7 per cent, the lowest runoff of any of 
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the plots. Runoff in the oak-hiokory forest was 32,9 pel' cent. Plots 
H, M, and N had the higliest runoff percentagos of any of the plots. Those 
plots had very compact surface soils. In the cases of plots H and N the 
water except in this test v;as held in tho basins until it percolated or 
evaporated. 
The depths of penetration in the plots (table V) were in about 
the inverse order of the runoff porcentages. The average and maximum 
depths of penetration for the plots increased in the higher plant com­
munities, The vfQod stages, the basin-listed plots, and plot 6 in the 
Kentucky bluograss stage had the least penetration. The shrub stage and 
tho Kentuclcy bluegrass stage (plot 8) had the doepost average ponetration, 
12 and 16 inches respectively. 
Table V, Average percentage runoff and depth of penetration from 3 
inches of v/ater applied on plots at the rate of 9 inches per 
hour, sunmier 1939, 
t : Depth of maximum tAverag'e depth of 
Plot No, t Runoff percentage ipenetration in inches{penetration in inches 
1 59,4 10,5 6,5 
2 62,4 8.0 5,5 
3 60,9 12,0 9,0 
4 30,6 11,5 9,0 
5 44,3 9,5 9.0 
6 66,6 9.5 5,0 
7 43,7 12.5 7,5 
8 39,2 15.5 12,5 
9 10,7 26,0 16,0 
10 32,9 10.0 8,0 
H 75,4 10,0 7,0 
M 79,0 7,5 6,2 
N 73,8 9,5 5.0 
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The actual preoipitation v/hioh the plots received and its dis­
tribution during 1938 and 1939 are shovm in the Iwer part of figure 20, 
There were 10,56 inches of rainfall frojn J.5ay to October in 1938 as com­
pared to 18,29 inches for the same poriod in 1939, lif^ ure 20 also shovfs 
the available moisture in the sxzrface 6 inches of soil in plots 1, 6, 
10, and N, In all the communities represented, the moisture supply 
accuinulated during the v/intor and was rapidly reduced during the months 
of l/iarch, April, and Kay, The importance of available moisture to 
plant life may be readily soen from an examination of the quantities of 
available moisture found under the lower stages as compared to the 
higher sta£r,es in the plant succession. In plot 1 after the last v/eok 
in April there was no available moisture in the surface G inches except 
for a period of 2 v/eeks until the last part of Kovember, vil nter annuals 
survived on this site because they grow in late fall and early spring. 
Plot 6 under Kentucky bluegraas vma only 6 v/eeks without available moisture 
in the surface 6 inches during 1939, The oak-hickory forest had the 
highest amount of available moisture of any of the plots. The basin-
listod plot, although it had a Imv vegetative cover stage and a low rate 
of water penetration had a high content of available moisture because the 
basins practically eliminated runoff. The peak in moisture supply 
recorded for February 1939 in all the plots was a result of a thaw which 
allowed the surface soil to become nearly saturated, A subsequent drop 
in temperature kept the v/ater in the surface 6 inchoi? until frost left 
the soil. 
Records of available soil moisture for the deeper levels of plot 1 
OaK-hicKoiy 
BeiVm-lisled Area 
Keniucl^  Blue Crass Vtaj^ fe— 
Qdr^ y Weed 
,^Oa.K-hteKor^  fy 
PloJ/N 
BdVin-listed 
/Jfcntucl^  ElueG 
V-^ urly V/ecn\ 
• Wiltino Pprcpntfi 
July 1AU5. 13ept. 1 Oct. 
___u III I II I I I ,1 I I I I I I I I j I I .1 If I 
Nov. i Dec. i Jcin. 1 Feb. I flan 1 Apr. 1 na.y uune 1 juiy 1 ^u«.i jepr. 1 act. 1 Nov'. |Oec. 
1^953 " 
Figure 20. Precipitation and available moistiire in the surface 6 inches of soil under several 
successional stages for 1936 and 1939. 
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ahow isha-b the sooond 6 inches and the seoond foot did not have available 
moisturo any tirr.a during the period of the study. The 7 inohos of rain 
vriiich fell in the first week of August 1939 affected the moisture content 
of the second 6 inches less than the first 6 inches but increased that 
of the seoond foot only 2 per cent. 
In the late v/eed stage, plot 3, tho surface 6 inches had nearly as 
small a quantity of available moisture as plot 1, but tlie seoond 6 inches 
had some available moisture during tivo-thirds of the sujnmer. There was 
very little moisture storage in tho surface foot and no significant 
change in the available moisture content at depths of 3 to 6 feet in 
v/intor or summer. This part of the soil horizon remained just above the 
v/ilting percentage* 
In the short-lived perennial stage, plot 5, there was considerable 
variation in the amount of available moisture but the upper 3 feet had 
available moisture during jnost of the summer, Tho surface two feet 
responded at once to the 7 inch of rain during the first week in August 
1939 although the seoond foot reached a maximum at a later date. Below 
3 feet the moisturo content did not begin to sho\7 any increase until 
more than 3 weeks later. The soil in this plot v/as able to support a 
denser plant cover than the soil of the weed stages. 
In the Kentucky bluegrass of plot 6 tho whole profile except in 
vrinter did not vary more than 10 per cent in available moisture. During 
early summer in 1938 and during October in 1939 the entire profile be­
came very dry. This plot absorbed even less of the 7 inches of rain in 
the first week of August 1939 than did the vreed stage. The very hi^ '^  
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runoff rabe for this plot, 66 per cent, is cignifioant in this connection. 
Plot 7 was an example of the •bluograss stage vrtiioh had "been derived 
from a shrub community by clearing. The improved structure induced by 
the presence of the previous shrub cover acoountod for the fact that there 
v/as alvmys available moisture belo?r the one-foot level. Tho surface 
foot dried out rapidly but absorbed precipitation readily. In the blue-
grass of plot 8 there was a higher available moisture content in soil 
belov^  2 feet than in any of the other plots studied. The surface 2 feet 
fluctuated greatly in response to precipitation. The heavy bluegrass 
cover on this plot absorbed practically all of its moisture from the 
surface 2 feet. 
The available moisture in the surface 6 inches for plot 10, the 
oak-hickory forest plot, is also shown in figure 20. The second 6 
inches fluctuated nearly as greatly except during the vfinter months. 
Tho soil below 3 feet had a very small quantity of available moisture 
in winter and was v/ell beloxv vfilting per cent during the summer and fall 
months of 1939. 
In the alfalfa plot the surface 2 feet stored a considerable 
quantity of available moisture during the winter. It was lost rapidly 
during April and liay, Hoivever the moisture coiatent apparently never was 
reduced to the wilting percentage, but the available moisture remained 
between 5 and 15 per cent diu'ing the summer. Tho absorption of pre­
cipitation was considerably less in plot K than in plot 5 vfhich had the 
same soil type. At greater depths, tho moisture remained a little 
above the wilting percentage. The available moisture in plots M and N 
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had muoh the same pattern as in plot H. The surface 6 inches had extreme 
variations, Tho second 6 inches and the second foot had less variation 
than the surface G inches but still fluctuated considerably. Belov/ 3 
feet tl.e available moisture supply v/as fairly constant but plot M had 
about 5 per cent more than plot N» 
R'Ate of percolation v/as measured using the apparatus shown in tho 
diagram, figure 10, wliich has been described above. Average tirao in 
seconds for a 3-inoh drop in v/ater level in the 1.5-inch auger hole in 
1939 is given in table VI for 6-inoh depths dc/ra to 3 feet. Plot 8 had 
the most rapid percolation in the surface foot of any plot, the time 
being 27 ssoonds in the first G inches and 37 seconds in the second 6 
inches. Plot 8 had rapid percolation to the depth of 36 inches. Plot 
9 had the high percolation rate of 41 seconds in the surface 6 inches but 
tho rate was only one-sixth as high in tho second 6 inches. The early 
v/eed staf^ e had adequate percolation in the surface foot but it was in­
adequate beloy/ one foot. In plot 2, impervious layers wore present at 
18 and 30 inches. Plot 3 had very poor percolation in the third foot. 
Percolation was slov^  in plots 4 and 5 at depths of 30 inches and below. 
Plot 6 had a moderate rate of percolation at lov'/er depths but in tlie 
surface 6 inches it took 122 seconds for tho water level to drop 3 
inches, a rate which v/as similar to that found in the v/eed stages. 
Plot 10 in tho ook-hickoiy forest also had a low percolation rate in tho 
surface layer as compared to that in the shrub stage but the rate was 
about the same for all depths investigated. 
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Table VI. Percolation studies. Averat';e ti^ no in aeoonds for a 3-inoh 
drop in water level in l.o-inoh auger holes, in 1939. 
Plot Ko. t 0-6" 1 6-12" 1 12-18" 1 18-24" : 24-30" , 3'(P3-d"" 
1 56 67 265 241 296 830 
2 lis 205 1260 464 2068 540 
3 125 230 458 73S 2180 3000 
4 145 163 509 801 2430 
5 85 300 233 724 3645 
6 122 118 268 695 481 105 
7 57 105 137 724 600 1180 
8 27 37 84 65 41 50 
9 41 246 702 614 764 1053 
10 153 186 246 251 190 490 
H 151 229 72 569 248 461 
M 211 186 543 514 3122 2709 
N lis 214 666 814 2501 3377 
In 1939 profile studies were made of the soil at the lovj-er edge of 
each plot and analyses wore made of several horizons, A summary of 
these analyses is presontod in table VII. I'he name and depth of horizons, 
pll, percentage carbon, specific gravity, volume v/eight, percentage total 
porosity, capillary porosity, and non-capillary porosity are given for 
each plot* 
Depth of the horiaons has been discussed. The pH in the vieed 
stages was betv^ een 4.4 and 4.8, except in plot 1 v/hich had been limed. 
In this plot the surface 5 inches had a pll of 6.2. In the short-lived 
perennial stage the pll of the B horizon was lovrer than that of the sur­
face layer and of the C horizon. The Kentuclcy bluegrass plots had a 
higher pH in the A and B horizons than did the other plots. It ranged 
from 5.8 to 6.6 except in plot 7 in which the B horizon had a pH of 
approximatoly 4.7. In plots R, M, and N, the pH was betv/eon 4.2 oiad 5.B. 
Table VII, 
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SiMnmry of data from profile studies. 
Depth 1 : per i t weight • • :Cap. :non-
in J ! pH I cent ispecific: : total jporos-jcap. 
inches j 1 t oarbon Jgravity i voliane :poroBity»ity spor. 
Plot 1 
surface 0-5 6.20 .8317 2.6431 1,4507 45,11 22.93 22,18 
sub-surf. 5-10 4.83 .2891 2,6397 1,4941 37,07 18.99 18,08 
D 10-19 4.46 .2563 2,7278 1,5614 42.50 23.37 19,13 
C 19-40+ 4.46 .2317 2.7254 1,6911 37.94 19.35 18.59 
Plot 2 
surface 0-3 2.6456 1.5173 41,92 21.51 20.41 
B 3-12 2.7382 1.4157 49.27 28.61 20.66 
C 12-23 2.7498 1.4160 46.58 29.36 17,22 
Plot 3 
surface 0-6 4.57 .7008 2.6104 1.3430 48.55 27,84 20.71 
Bl 6-10 4.67 .4622 2,7279 1.5341 43.75 23.90 19.85 
B2 10-18 4.76 ,4690 2.7584 1.3924 45.88 25.81 20.07 
C 16-27+ 4.81 .2822 2.7042 1.6091B 40.47 23.12 17.35 
Plot 4 
surface 0-5 5.76 1.5780 2.6191 1.1829 54.83 29.87 24.96 
Bl 5-12 4.73 .6763 2,6722 1.3439 49.70 27.32 22.39 
B2 12-18 4.41 .6040 2.6930 1.3326 50.51 27.58 22.92 
C 18-36+ 5.52 .2536 2,7250 1.4930 45.20 25.13 20.07 
Plot 5 
surface 0-5 5.62 1.3930 2,6203 1.6430 48.06 27.42 20.64 
sub-8urf, 5-10 4.91 .5386 2.6370 1.7878 47.43 25.93 21,50 
B 10-29 4.82 .3981 2,6958 1.8413 45.51 25.43 20.88 
C 29-40+ 5.25 .3531 2.7351 1.0585 43.68 23.14 20.54 
Plot 6 
Burfaoe 0-7 5.80 2,6135 1.4247 45,48 27.31 18.16 
•^ 2 7-11 6.14 2,6606 1.5859 40,50 20.64 19.85 
Bl 11-20 6.36 2,7060 1,5758 41.76 22.34 19.42 
B2 20-30 5.06 2.7443 1,6144 41.17 23.57 17.60 
C 30-H10 4.84 2.7056 1,7299 36.04 19.08 16.96 
Plot 7 
surffeice 0-6 6.16 1.2800 2,6584 1,1760 55.76 34.49 21.27 
sub-surf. 6-12 6.07 .4118 2,6767 1.4999 43.96 27.88 16.08 
Bl 12-25 4.73 .4145 2,6970 1.6288 39.60 21.38 18,22 
B2 25-34 4.63 .2127 2,7276 1,5667 42.55 21.69 20,86 
Plot 8 
surface 0-5 6.48 S.6290 1.2S87 50.91 27.55 23.37 
Bl 5-13 6.67 2,6496 1.5086 43.06 22.62 20,44 
B2 13-19 6.54 2,6824 1,7185 35,92 19.17 16.75 
C 19-42 5.12 2,6260 1,7175 24,45 20,39 14.06 
Plot 9 
surface 0-4 5.93 1.6500 2,5864 1,2923 50,03 25.82 24.21 
oub-8urf• 4-10 5.98 .4635 2,6758 1,4612 45,39 24,78 20,60 
Bl 10-15 5.50 .3517 
B2 15-38 5.30 .3136 2,7204 1,6731 36,49 20,47 18.02 
C 38-404- 4.49 .2345 2,7535 38,33 20,66 17,67 
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Table VII, Continued, 
Depth 1 t per : < weight t sCap, :non-
in : ! pH t cent :spooifio: : total :poro8-tcap. 
inchesi t carbon igi'avity t voluino jporosity:ity. spor. 
Plot 10 
H 0-7 5,84 1.7530 2.6290 1.2974 57.52 29.10 28.44 
Ag 7-11 5,31 .4990 2,6895 1.C127 46.37 22,86 22.53 
Bl 11-15 4.66 .3354 2.7059 1.6970 41,00 20.43 20,56 
®2 15-28 4.77 .2645 2.7286 1.5993 41.38 22,79 18,59 
Plot H 
surface 0-4 5.28 1.7880 2.6470 1.0827 59,09 30,54 28,55 
sub-Burf, 4-10 
Bl 10-17 4.54 .6872 2.7142 1.2875 51.55 26.77 2E.73 
2^ 17-26 4.16 .6163 2.7362 1.2897 52.86 29,48 23,38 
C 26—40+ 5.02 .2945 
Plot M 
surface 0-4 5.44 1.5980 2.6290 1.0802 58.90 27.40 31,50 
% 4-13 5,77 .5331 2.6390 1.7430 44.69 24.76 20,20 
B2 13-31 4.99 .4800 2.6906 1,3785 48,76 28.25 20,51 
C 31—40+ 4,84 .2345 2.7150 1.6997 39,60 21.89 17,71 
Plot K 
surface 0-5 4.89 .6913 2.6435 1.2914 51,13 31.69 19,45 
Bl 5-13 4.56 .3913 2,6744 1.5299 42,79 24.63 18.16 
B2 13-24 4,64 .4036 2.7147 1.4382 47.01 25.58 21.44 
C 24-38+ 4.48 .2018 2.7167 1.7066 42,45 23,65 19.64 
The percentage carbon was about 0,8 in the surface layers in the 
weed stages and decreased rapidly with increased depth (table VIl)« The 
short-livod perennial stage, plots 4 and 5, averaged about 1,48 per cent 
of carbon in the surface layers. Plots 7, 9, and 10 had 1,28, 1,65, and 
1,75 per cent, respectively, of carbon in the surfaco layers. The Clinton 
silt loom soil type v/hich vms found in plots 4, 5, and H had a higher 
percentage carbon in the B horizon than was found in the Lindley loom 
profile. 
Specific gravity of the soils ranged from 2,58G4 in the surface 
layer of plot 9 to 2,7535 in tho C horizon of the same profile. In 
nearly every profile the specific gravity increased v/ith increases in 
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depth, 
Volume-vi'eiEht dotorminations also inoreaBod v/ith tho depth of the 
sample except in the surface saraple of plot 2 v/hich was 1,52 as compared 
to 1.42 in the B and C horizons, Dhe v/eed stages had high volume vreights 
in the surface layers of the soil. They wore 1,45, 1,53, and 1,34 for 
plots 1, 2, and 3, respectively. The higher stages varied considerably 
but were well below these figures except in plots 5 and 6 which had 
compact surface soils* 
The total porosity was expressed in per cent of total sample voltune. 
It ranged from 59,09 per cent in plot II to 41*92 per cent in plot 2, for 
the surface layers. Total porosity increased gradually, but not consist­
ently, with the succession to higher stages. The total porosity tended 
to decroas© with increase in depth except in plot 2 ivhich had a higher 
porosity in the B and C horizons than in the surface layer. In plots 1, 
3, 4, H, M, and N the B2 horizon had a higher total porosity than vms 
found in the Bi horiaon# 
Tlie capillary porosity determination is a measure of the small 
pores which function principally in water storage in "tJae soils. The 
non-capillary porosity is made up of the large pores tlirough vrhich water 
is perndtted to percolate and through which the roots and air are able 
to penetrate. In the profiles studied, the capillary porosity did not 
follow any apparent pattera. The non-oapillary porosity vms highest in 
the surfajse layer of soil in most of the plots studied. Plot 8 had a 
non-oapillary porosity of 23,37, at the surface, 20,44 in the'Bi horiaon, 
16,75 in the D2 horizon, and 14,06 in the C horieon. 
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Porosity and volumo-^ /oight determimtions were made in all the 
plots eaoh spring and fall during tho poriod of invostigation. Table 
Tingives tho average volume-weights and average poroeity determinations 
for eaoh of tho auoceBsional plots for SEunples taken in the 0 to 3 inch 
and 4 to 7 inch layers. In tho surface layers the volume--v/eight tended 
to decrease in tho higher stages of tho sucoession# 
The porosity detenainations are shoifm graphically in figure 21, Tho 
upper curves shoiT the total porosity vriiioh tended to inoroase in the high­
er stages. The Inv/er curves shoif/ the non-capillary poroeity at the sur­
face and at the 4 to 7 inch layer. The porosity increased in the late 
v/eed stage and the early part of the short-lived perennial stage (plot 4), 
It decreased in the Kentucky bluegrass stage and increased again in the 
slirub stage (plot 9), but was liighest in the ook-hiokory forest stage. 
The surface layer had a higgler non-capillary porosity than did the 4 to 
7 inch layer. The average difference was 2,67 per cent v/hich was sig­
nificant (fia«il,057, ts2,526, p«5^ ). In tho late weed stage and the early 
short-lived perennial stage (plot 4) the total porosity vms 55,7 and tJrie 
non-capillary porosity was 20,94, In plot 5 the total pore space dropped 
to 49.29 and the non-oapillary pore space to 21,20 per cent. Above this 
stage in the succession the total and non-capillary porosity gradually 
increased to 56,90 percentage total porosity and 28,20 percentage non-
oapillary porosity. Plot 2 had a higher percentage porosity at the depth 
of 4 to 7 inches than in the surface layor, Ekcept for plovS 1 and 3 
the surface layer in all plots, had a higher percentage of capillary 
of non-oapillary porosity. 
/ H.-7 " •fo+al 
-5" non-cap'illory 
non-.,, / 
Plot Jitl 
Fiqur^ . 21. PercenlQ 
th^ 5ucce55ionol 
hoe total and non-c^pil lory porosity in the plots of 
5^ies for The deplhs o inches end to 7 inches. 
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Tablo VIII, Volume weight and porosity poroontage for the succossicsnal 
plots* Average of 8 to 10 samples at 0 to 3 inches and 
4 to 7 inohea. 
s V/eight t total s capillary i non-capillary 
Plot No. t volume t porosity : porosity t porosity 
Svurface samples 0-3 inches 
1 1.4282 45.90 23.00 22.90 
2 1.4586 44.40 22.60 21.80 
3 1.2704 49.38 22.67 26.71 
4 1.2190 55.19 28.70 26.49 
5 1.3524 48.00 26.80 21.20 
G 1.3588 49.29 25.22 24.07 
7 1.2974 49.90 26.40 23.40 
8 1,2854 50,10 27.00 23.10 
9 1.2562 51.89 27.94 24.12 
10 1.1138 56.90 20.70 28.20 
Subourfaco Bamploo 4-' 7 inches 
1 1.5960 39.40 20.70 18.90 
2 1.4561 44.90 24.10 20.70 
3 1.5323 42.04 20.89 21.15 
4 1.2610 52.70 27,50 24.80 
5 1.4040 47.40 25.30 22.00 
6 1.4799 43.77 21.97 21.85 
7 1.4956 43.50 23.10 20.30 
8 1,4804 43.90 22.90 20.90 
9 1.4500 47,49 23.90 23.54 
10 1.3722 47.00 23.30 23.70 
Table DC presents the average volume-^ feight and porosity deter­
minations frcan the basin-listed plots for the surface 3 inches and for 
the layers of 4 to 7 inches» talcen at intejrvtila of 6 months during the 
period of investigation. The voluiae-'weij^ t vras signifioantly higher at 
the 4 to 7 inch level than at the stirfaco# Figure 22 shof/^ s the march 
of the porosity during the 3-year period of this investigation. An 
analysis of the difference betvmen the surface non-capillary porosity 
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in 1937 and 1940 roveala an average decrease cf 6.58 per cent, a highly 
aignificont difference (B«»2.67, p«sl??). In the 4 to 7 inch layer the 
average decrease in non-capillary porosity from 1937 to 1940, v/as 4.61, 
which ;Tas also a highly significant difference (s=3«3l4. 
Table IX« Volvime-^ Teight and porosity deteminationB in basin-listed area. 
Averages of 24 samples at the surllace and at the 4 to 7 inch 
depth from randondaed plots. 
weight : total tcapillary»non-capillary :non-cap 
•volume t porositi^  t porosityt porosity tcapillary 
Fall »37 
surface 1.3160 51.4 22.1 29.3 1,33 
4-7 inches 1.3807 47.9 23.1 24,4 1,06 
Spring 'SS 
surface 1.2880 49.5 24.6 24,1 1.01 
4-7 inches 1.4602 44.6 25.3 20,2 ,855 
Fall t38 
surface 1.2G02 52.7 26.4 26,2 .995 
4-7 inches 1.3741 47.8 25.3 22,4 ,882 
Spring '39 
surface 1.2773 51.3 26.9 24.4 ,918 
4-7 inches 1.4218 43.7 24.7 20,8 ,892 
Fall «39 
surface 1.3604 49.5 26.2 21,3 ,761 
4-7 inches 1.4164 45.5 28,1 18,2 ,665 
Spring »40 
surface 1.3143 49.7 26,9 22.7 ,847 
4-7 inches 1.4308 45.7 25,1 20.7 ,862 
Ikiring the same period the capillary poro space increased nearly 
5 per cent at the surface and about 2 per cent in the 4 to 7 inch layer. 
These tendencies seemed to parallel, the decline in non-capillary porosity 
observed from late weed stage to short-lived perennial stage in tiie suc-
oessional plot studies shown in 21, The surface layer in the 
basins had an average of 3.6 per cent greater non-capillaiy pore space 
than the 4 to 7 inch layer which vms a highly significant difference 
(sjs.38, t=9.47, psl??)« 
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Relatioiiship oxiotiriE betwsen plant cover and soil atruoture. 
In the BuooesGion of plant oomiiunities, from the invasion of the 
first "woeds on bare ground to the oak-hiokoiy forest, radical changes 
take placo in the camposition and quantity of plants as well as in the 
distribution of the plant parts in the soil and in the air above it. 
These changes are dependent upon and related to changes in the nature 
of the soil which mko the soil able to support the higher forms of 
plant life. In the presentation of data the changes in soil and in 
plant cover have been coiisidered separately. In the following para­
graphs some of the relationships existing betv^ een them are pointed out. 
In fip^ uro 23 the average total di'y v/eight of roots for tl\o surface 
9 inches of soil in the sucoessional stages is plotted with the average 
rtmoff percentage and depth of wator penetration. The depth of water 
penetration was directly related to the quantity of roots in the sur­
face 9 inches. The runoff percentage was high in the early stages of 
the succession and decreased as the number of roots increased. Plot 6 
had an exceptionally high runoff percentage and a correspondingly low 
depth of penetration. The plot v/as on a soutlward slope and had an 
older stand of Kentucky bluegrasB but the soil had a greater quantity 
of clay in the profile than did plots 7 or 8. 
In figure 24 the root dry weights froni the surface 9-inch layer 
for 1939 were plotted with non-capillary porosity, available moisture, 
and the root dry weight in the layer betv/een 6 and 12 inches. There v/as 
a close relationship of available moisture in the surface foot of soil 
to the quantity of roots in the second 6 inches of soil. There was only 
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a moderately good relationahip between the dry weight of roots and the 
surfaco non-capillary porosity# Non-capillary pore space and average 
available laoissture during the Erovsring season had a close relationship. 
Tho offeot of soil structure on tho number and distribution of roots 
is shown in the photograph of a bisect in figure 25. It shows the alfalfti 
roots spreading out along a porous layor left by rye straw vfhich had been 
plcfwed under the year before, BelovT tho porous layer, there was the un­
disturbed portion of the Clinton silt loam A horizon which was very com­
pact. The rye straw had been only partially decomposed and the uneven 
depth to which the plow had penetrated was clearly discernible. 
The ratio of roots to tops included in table III increased greatly 
in the Mgher suooessional stages, i'ihen plotted vYith the non-capillary 
pore space as in figure 26, the close relationship of the plant cover 
to soil structure is again illustrated. 
The non-capillary porosity has been shoi'm to have a sigjaificantly 
higher percentage in tho surface 3 inches than in the 4 to 7 inch layer. 
In figure 19 it was shown that in all stages except the oak-hickory 
forest stage, 60 to 91 per cent of the roots were in the surface 3 inches. 
TMB indicates a relationship betv/^ een tlie quantity of roots and tho per­
centage of large pores. The surface layers of soil had the highest 
organic matter as was shown in table VII, Since tho plant roots are 
largely concentrated in the surface layer it is evident that orgeinic 
matter is added to the soil by tho plant cover. It has been shofm that 
organic matter improves soil structure (10, 52). Iii eroded soils small 
quantities of organic matter bring about measurable changes in the soil 
structure. 
Figure 25. Plot H showing alfalfa roots in iSie Clinton silt loaia surface 
layers, 1939. Note how the alfalfa roots follcw the uneven 
porous zone left where rye straw had been turned under the year 
before. Sor.e of the partially decomposed straw is visible 
under the roots on the extrane right. 
lO 
O 
L. 
0 Q_ 
J2 
"5-
1 
c: 
o 
c 
o 
L_ 
PJoi n<j. / 
-jH-
noia-capillory porosiiy 
.0 
£_ 
'^foo^ -Vap rat*o 
- / 
w 
8 »o 
•Shrob 
hicJ<oi^  Early Weed LdVe, K^or1-liv«i Weed Pe.re.n n id) 5 
Figure ^^e-Utlon of non-cap»llo^ pore apoce to root "top raiib 
-81-
A more porous soil profile is reflected in the proportion of roots 
v/hioh are found at t)iB lower depths. In plot 4 (table YII), the non-
capillary porosity vms 24,96 per cent in the surface layer and 22,39 per 
oent in the horiaon. Of the roots v/hich wore in the surface foot, 
69 per cent were in the 9 to 12 inch depth (tahlo III). Plot K liad 31,5 
per cent non-capillary porosity in the surface layer but only 20,2 per 
oent in the Di horizon. Hi plot M only 12 per cent of the roots in the 
surface foot were found in the 9 to 12 inch depth. 
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DISCUSSION 
The increase in volume of plant cover in nearly every plot in 
1939 as compared to 1938 (tatjles II and III) may have been largely the 
result of a single rainy week in tho first part of August 1939 (figure 
20). The total rainfall for that v/ook was over 7 inolies, which was 
nearly the exact difference betv/een the t\'ro years in rainfall during 
the grovTing season. From I'ay to October tho rainfall was 10.5G inches 
in 1938 and 18.29 ihches in 1939. The root-top and quadrat analyses 
v/ero made duriiag tho latter part of August and tlxo first part of Sep­
tember in 1939. The quantity of roots was moro than doubled in 1939 
in the vceed stages (table IV) and was increased 50 per cent in tho 
Kentucl<y bluegrass stage. There vms a larger number of species in 1939 
as v/ell as larger number of individual plants. 
Some of the change may be attributed to the plant auccession which 
resulted. In tho successional stages tho root-top ratio (table IV) was 
very low in the weed stages. In the higher stages it increased pro­
gressively. The plants malcing up the weed stages are annuals having 
little volume either of tops or of roots. In -ttie later stages as the 
soil depth is increased, biennial and perennial plants are increased 
in numbers, and some of the accumulated root material is carried over 
from year to year by the plants. In the shrubs and forest the turnover 
of organic material is very slow. Grasses are intermediate in time of 
turnover, many of the roots dying back each year, and they liavo as high 
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or a higher quantity of roots than has any other stage, TMs ie un­
doubtedly a primary factor in explaining the superior value of grasses 
in improving soil structure. Grasses bind the soil thoroughly and with 
certain exceptions such as Kentucky bluegrass, retard runoff. The min-
off percentages obtained in this investigution (table V) vrere perhaps 
somewhat higher tlian night have occured under lighter applications of 
water but they give a good basis for conparison between the different 
cover types. 
Iteirnum depth of penetration of water v/as high in several plots in 
the lower stages because of cracks and fissuroe in the soil soiae of 
which were deep in the subsoil and probably v^ ore formed dvuring the drought 
years of 1934 and 1936 and have remained open except at the top ever 
since. The profile of plot H (figure 6) shovra such a crack. Cracks 
wore also noted in the B and C horizons in plots 1 and 2. 
A determination of percolation rate by the method used in this 
investigation had the advantages of being a field determination in which 
the soil being tested was submitted to a minimum of disturbance and that 
the equipment used was simple and inexpensive. Its disadvantages vfore 
that it was time-consuming and that a number of holes roust be made in the 
plotis since a different hole is neoessary for each set of determinations. 
V/here soil irregularities occur the number of determinations at a cer­
tain level must be increased. The method does not yield much data on 
the nature of the iniraediate surface of the '••o51 but by oorabining it 
v;ith runoff and depth of penetration studies a fairly complete picture 
may be obtained. Deteminations (table Vl) in wliich loss than 120 
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seoonds were required for the vmter lovel to recede 3 inches were oon-
sidored to indicate rapid percolation. Determinations requiring over 
900 seconds (15 minutes) wore considered very alavr and the soil to be 
relatively iiripermeable. All of the plots in the weed staj^ es and the 
short-lived perennial stage had impenaeahle layers at a 24-inch depth® 
except plot 1. Plot 1 had been veiry dry at all depths during the 
period of the investigation and especially belcsw the tliird foot, to 
which moisture apparently never percolated even in the spring, so that 
fissures may liave been present which would result in lov/^  percolation 
rate determinations. Plot 8 which had the lai'gest quantity of roots 
found in any plot also had a very rapid rate of percolation at all 
depths investigated. 
The pH of the soils (table VIl) v;as Mgher under the grasses than 
under any other type of cover even in plot 6 which liad received no lime. 
The pH of plot 6 vms only slightly under that of plot 8, the greatest 
difference being bet\Teen the surface layers. Plot 6 which had the 
highest pll through the whole profile also had the largest quantity of 
roots of any of the plots. 
The percentage carbon in the surface layers (table VII) in the 
v/eed stages was only slightly greater than at Imer depths. In the 
short-lived perera^ ial and the Kentuolcy gluegrass stages, the deeper 
horiaons had a higher percentage carbon than was found in the v/eed 
stages. In the shrub and forest stages the percentage carbon decreased 
to a low level much nearer the aiurface than in the Kentucky bluegrass 
stage. 
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A comparison of specific gravity and volume-WGi^ t data (tatle VIl) 
allows that "both raeaBurements reflect the same trends of incroaso v;ith 
depth in tho profiles. 
Total porosity decreased with depth and aijparently was a more 
sensitive measurement thiui specific gravity or volvune-woight. The total 
porosity jajsy bo hi^  hut the soil possess a structure unfavorable to 
optimum plant development. Such a condition was found in plot K. The 
total porosity ifas 51.13 per cent "but the non-capillary porosity \IO.B only 
19.44 per cent, which was too low to permit entrance of sufficient mois­
ture and oxygen to support a very heavy plant cover. 
The non-capillary pore space gaw the "best index of the moisture-
root relationships, of any of the determination used in this investi­
gation. For surface detorminations the number of samples should be 
greater than are necessary at lower depths. In eroded soils the varia­
tion is greater than in an undisturbed soil. In the basin-listed area 
(table IX), 24 samples were taken at each depth. The atatiatical 
analysis revealed that 12 to 14 samples would have given hieh3.y sig­
nificant results. 
In the successional stages (table VIII) neither time nor equip­
ment v/ould permit a large enough number of semplos at each sampling 
period to shov; significant trends in the plots t/ithin the three years 
of the investigation but averages of the samples taken gave significant 
differences botv/een the successional stages. Much work remains to be 
done in the study of the role of porosity in plant succession and its 
relation to cultivation and crop paroduction. 
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Ltost of the significant changes in non-capillary porosity took 
place in the surface 6 or 7 inches. A few determinations sliould be 
made at greater depths under each set of conditions within a soil type 
to supplesnent the surface samples. 'v7here root penetration vms 
the nximber of samples had to be increased in the lower horizons, as in 
the case of shrubs and trees. 
The development of vegetation on bare ground is a dynajiic process 
in wliich only the most hardy pioneer plants can at first effectively 
take part. These pioneer plants xuust be equipped in some vray either to 
endure or escape the drastic climatic and edaphic conditions v/hich are 
present on and in bare soil during the grov/ing season, and, in the case 
of winter annuals, biennials, and perennials, throughout the winter. The 
soil in the early v/eed stage is very compact except possibly in the 
shallcvT surface layer (table VIl). Available moistvire in the surface 
6 inches is present only a few weeks during the groi'/ing season (figure 
20), This v/ould indicate that the rainfall is not very effective. Run­
off data (table V) show that about 60 per cent of the precipitation was 
lost from the weed stages. Because of the small quantity of cover, 
(percentage basal area 0,6 to 0,9), the evaporation rate from the soil 
and plant surfaces is rapid, Kuch of the moisture which is taken into 
the soil is lost by evaporation before it can be used by plants espec­
ially during the summer season* Plants such as bracted plantain meet 
this situation by becoming established in the fell at the end of the 
usual dry period. Bracted plantain becomes established in the fall, lies 
dormant over v/inter, and grows rapidly as soon as conditions are at all 
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favorable in the spring, nVhen the moisture supply beoames deficient or 
the competition for nitrogen becomes too keen it changes quickly from 
a vegetative into a seed producing organism. It produces nov; flowers 
as the first seeds are ripening until growth is stopped by drought and 
the plant dies# The first heavy rain causes tVie mucilaginous coating on 
the seeds to swell and the seeds escape to the ground where they lie 
dormant until late summer or fall. 
Ragweed is another pioneer but it does not do well unless the soil 
is disturbed in some v/ay. It starts grovrth in the late spring, and after 
enduring the hot dry part of the summer grows rapidly and matures in the 
late suimer and fall. The plant is carried over winter by seed. 
Such plants as ragf/eed and bracted plantain produce tap roots and 
a few side roots which enlarge and make channels in the soil, Micro­
organisms multiply and decompose the roots when they die and the organic 
matter becomes partially available to the plEints that follow. The channels 
which are left aid in air exchange and water penetration. This building 
process multiplied many times goes on slov/ly or rapidly depending prin­
cipally upon the moisture supply. Additional available moisture gives 
rise to the production of more plant material v/hich v/hen decomposed 
helps to improve the soil structure and enables the soil to hold still 
more moisture. The rate of build up is very slow in the v/eed stages 
because the volume of plant cover is so small (table 17) that only a 
small amount of organic matter is added to the soil and the number of 
roots making channels in the soil is by comparison with the later stages 
very small. 
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Biennial and perennial plants such as sv;ootclovor, aster, coldenrod, 
Canada bluegrass, and de/fberry are the next invaders. Defwberry and 
sweetolover are able to endure rigorous conditions because of their 
deep, extensive root systems. Canada bluegrass has rhizomes and small 
leaves wrtiich drop off v/hen drought conditions occur. This grass then 
manufactures its food in the flat green stems. 
These plants apparently increase the porosity, ospeoially the non-
capillax'y porosity by their large rather short-lived roots. As the red-
top and Kentucky bluegrass invade the short-lived perennial staple, the 
porosity decreases and a rather tough sod is formed v/hich holds the soil 
firmly preventing erosion losses but having a rather high runoff per­
centage. Kost of the grass roots are in the surface 3 inches but the 
quantity is large. As a result of their exceeding fineness they penetrate 
the soil thoroughly. As they absorb moisture the soil between rcot.s 
tends to shrink and blocks off small particles as imits. The death of 
some of the roots stimulates bacterial activity and the by-products tend 
to cement the particles and make them water-stable. During the drying 
out process minerals are transported through the capillary pores to the 
particle surface and are deposited there thus augmenting the cementing 
material from organic sources. Shrubs, such as sumac, invade grass 
cover by sending out rhizomes v/hich produce nev/ plants several feet 
av/ay from the parent plant. These large rhizomes and shoots tend to 
break the conpactness of the sod and to open channels in it. The main 
volume of roots is deeper than in bluegrass. The increased shade re­
duces the density of the grass and eventually the ground is sufficiently 
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poroua and moist for treo BoedB to ^ orrainate in it, Tho trees grov/ slovfly 
but eventually they are ablo to surpass the sumac and kill it out beoauso 
it is intolerant of shade. The rather protected conditions of the forest 
floor develop and tho typical understory plants of the forest bocome es­
tablished. If conditions are especially favorable linden and maple 
aeedlings may becoirie established under the oak-hiokory forest. Kaple and 
linden are shade tolerant, V/hen they mature tViey produce a much heavier 
shade (about 95 per cent) than oak and hickory seedlings withstand. The 
oak and hickory eventually become eliminated and the post-cliraax maple-
linden forest becomes established. During; the period of porosity measure­
ment in the basin-listod area, the cover chanfrod from a dense ragweed 
oover (late weed stajje) to redtop (short-lived perennial stage). 
This change was taking place in tho parts of the same field which 
had not been basin-listed. They were progressing at a much lower rate 
especially on the southern slope where plot 1 was located. At tho bottom 
of the northern slope ^ just below the basins where tlio moisture supply 
was sufficient and the surface soil v/as much deeper tlian above, almost 
as complete a change took place. In the fall of 1937 this area had a 
dense cover of aster and goldenrod. In 1938 some of these plants re­
mained but the cover was predominantly one of redtop. In 1940 the cover 
v.-as an almost pure stand of Kentucky bluegrass. This area had had the 
benefit of a lime and superphosphate treatment which tlie basin-listed 
area did not receive. Those areas have been kept free of graaing animals 
and other disturbing influences as much as possible. 
Application of the results of this investigation to hillculture 
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mothods is readily made. The fields in whioh the available moisture 
supply is lov/, suoh as those having a cover v^ hioh is in the woed stajjes, 
should be hasin-listed or contour-furrowed to prevent further soil 
losses and to reduce runoff. The native legumes, partridge pea and 
trailin{j wild bean may be planted in contour strips to increase the 
orcanic matter and nitrogen supply. As soon as the moisture supply 
and available nutrients have increased sufficiently, the strips should 
be planted to a suitable grass-legume mixture. Lime and fertilizer 
treatments will greatly speed up the process. 
Fields on which the sliort-lived perennial sta^ e is fomid would 
be suitable for the contour planting of vines such as grapes, having 
gx'ass strips betv/een and supplenienting thom with legume strips# 
l-'ields in v/hich there are sufficient non-capillary porosity ajid 
available moisture to support trees and shrubs, such as those in v/hich 
the cover is in the Kentucky blueerass, shrub or forest stage nay be 
planted to trees and shruljE of economic iniportance. Inter plantings of 
permanent bluegraoe and legumes or of truck crops on tho contour may 
be made betvreen the trees. Prairie grass strips and furrorrs on the 
contour help reduce soil and moisture losses. In more favorable areas 
corn and small grains on the contour may be rotated v/ith grass and 
legume strips. 
By adopting these and similar methods the processes of natural 
plant succession which restore a measure of fertility and productivity 
to the soil may bo greatly accelerated. . Their use on the eroded lands 
of southeastern Iwa might vxell invalidate for that area the cry, "Give 
it back to the Indians", 
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SU?a/JVRY 
1» An investigation of the relation of plant cover to soil structure 
for southeastern Iowa conditions was conducted on the steep eroded 
soils of the Ifi.lloulture Esperiiriental Farm, near Floris, lovva, from 
19S7 to 1940. 
2* The soil typos were eroded Clinton silt loam found principally on 
the tops of the Mils, and Lindloy loam v/hich was found on the 
slopes belovr the Clinton silt loam. 
Plots wore established in 1938 in 5 of the stages of secondaiy 
plant succession on eroded soil and one in an oak-hickory forest 
on undisturbed Lindley loam# 
4, An early weed stage was recojpoized in v/hioh bracted plantain, rag­
weed, and three-awn grass Vfere the principal species. In 1939 the 
bracted plantain decreased in numbers and an increase in ragweed, 
aster, ajid redtop took place. This change indicated succession 
from the early weed to the late weed stage had occurred, 
5, A late vz-eed stace was investigated in which trailinj^  v/ild bean 
was present in addition to a more dense grovrfch of the species found 
in the early vreed stage. In 1939 those plants v^ ore largely re­
placed by plants of the short-lived perennial stage. 
6, A short-lived perennial stage was investigated in v/Mch sweotclover, 
aster, goldenrod, panic grass, redtop, Canada bluegrass, and dew­
berry were the dominant species. In 1939 redtop greatly increased 
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in quantity. 
7« A Kentucky bluograas stago included a few plants of Canada blue-
gra855, redtop, yarrovr, panic grass, aster, and sv/eotolover in 
addition to the Kentucky "blueErass. The v/eedy species v/ere 
largely eliminated in 1939, 
8» A slupub stags vms studied consisting of a piu-o stand of smooth 
sumac with an undorstory of Kontuoliy bluegrass, aster, yarrovv, 
and panic grass. In 1939 there vma an increase in the number of 
sumac shoots and in the quantity of Kentucljy bluegrass. 
9. The oak-liickory forest stage was made up of blackjack oak, shingle 
oak, btirr oak, bitternut hickory, and shag-bark hickory. The 
understory was made up of coral-berry, orcanatio sumac, Virginia 
oreoper, sedge, and bedetraw. The density of the ground cover 
greatly increased in response to additional light received when the 
trees on the east side of the plot wore removed. 
10. A plot was established in oji alfalfa field v/hioh had been planted 
in August 1938. The alfalfa nade only a ffeir stand, and was rather 
woody. The number of alfVilfa plants doubled in 1939 and by 1940 
the weeds had been crovvded out. 
11. In a badly eroded field which had been given a basin-listed treat­
ment in 1936, 12 randomized plots were established. The cover in 
the fall of 1936 v;as a dense fprowth of braoted plantain. A year 
later the cover was ragweed including a few plants of redtop and 
eweetclover. Sweetclover became dondnant in 1938, and redtop was 
dominant in 1939. 
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IS. Root-top onalysoB ehowsd a doubling of the quantity of roots in 
1939 over 1938 in botli weed stagos, a 50 per cent inoroaso of roots 
in tho Kentucky bluegrass stage Eind only a slight increase in roots 
in the shrub and forest stages. 
13. The dry ;Yeight of roots in the surface foot of soil increased 
steadily from the early stages to the Kentucky bluegrass stage and 
was slightly lower in the shrub and forest stages. 
14. In the weed stages 85 to 91 per cent of the roots in the siurface 
9 inches were in tho upper 3 inches of the soil. 
15. The Kentuclcy bluegrass stage had 3400JJ kilograms of dry roots per 
acre in the surface 9 inches of soil, tho highest of any plot 
dtiring 1939. Of this amount, SlOOgDkilograms wore in the surface 
3 inches of soil. 
16. The alfalfa field liad 707.8 kilograms of roots per acre in the 0 to 
9 inch layer in 1939, a quantity similar to that foimd in the short­
lived perennial stage. 
17. Ratio of dry v/eight of roots in the siirface 9 inches of soil to 
toi)B showed ratios between 0.357 and 0.532 in the weed stages, 
between 0.684 and 0.923 in the short lived perennial stage, between 
1.655 and 2.002 in the Kentucky bluegrass stage, between 0.759 and 
1.670 in the shrub stage and between 3.491 and 3.561 in the oak-
hickory forest stage. 
18. Percentage basal area increased frosn 0.6 in the early weed stage to 
10.0 in Kentucky bluegrass stage but declined in the shrub and forest 
stages as canopy became a factor. 
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19» Rainfall from liJay to October in 1938 vras 10.56 inches and 18,29 
inches in 1939 for the same period. 
20» Soil moisture records v;ere obtained fi'oin 9 plots to a depth of G 
t 
feet, and available laoisturo was calculated from wilting per cent 
detonninations• 
21, The early wood stap;© had available moisture in the surface 6 inches 
during only 2 weeks after Kay 1, 1939# At greater depths there was 
no available moisture during the pei'iod of the investigation. 
22, The late v^ eed stage had available moisture in the second G inches 
during tvro-thirds of the suituner but had about the sarie amount as 
the early weed stage in the surface 6 inches, 
23, The short-lived perennial stage had available moisture in tlie upper 
3 feet of soil during most of the summer of 1939, 
24, Except in v;inter the Kentuckj' bluegrass stage did not vaiy more 
than 10 per cent in a,vailabl© moisture. There was available 
moisture in the surface 6 inches except during a fff.v weeks in 
late summer, 
25, The oak-hickory stage and the basin-listed area stored the largest 
quantities of moisture during the winter in the surface 6 inches. 
At depths below 3 feet, the soil was above the vrilting percentage 
only during the winter and spring, in the forest plot, 
26, Deteroiinations of runoff percentage, depth of penetration, percolation 
rate, volunio-«weight, specific gravity, total porosity, capillary 
porosity, non-capillary porosity, pH, and carbon percentage were 
made for each plot at the surface and in tho soil profiles. 
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27. Average nanoff v/as 60 per oent in the v;eed ataf.es, 41 per cent in 
•bho short-lived poraniiial stage, 49 per cont in tho Kentuolcy blue-
grass stage, 10,7 per oent in the slirub stage and 32,9 per oent in 
the oak-hiokory forest stage. 
2B, Average depth of penetration was greatest in the shrub stage (16 
inches) and least in the v/eed stages (5,5 to 6,5 inches) and in 
one plot of the Kentucky bluegrass (5 inches), 
29, A nm method for measuirLng percolation rate in the field using a 
laS-inoh soil auger hole, is described# 
S0» Percolation rates wore highest under tho shrub stage and under one 
Kentucky bluegrass plot. Impervious layers were found under all 
exoept one of the plots lovvor in tho sucoeosion tlmn those in the 
Kentucky bluegrass stage, 
31, l']on-oapillary porosi-ty was found to be a bettor measure of soil 
s tructure tlmn v;as volunie*^ YeiEht, specific gravity or total poros­
ity. 
32, Tho non-capillary porosity increased from 22.9 per oent in tho 
early v/eed stage to 26.49 per cent in the short-lived perennial 
stage, decreased to 23.40 in the Kentucky bluegrass stage and in­
creased again the the oak-liickory forest stage to 20,20 per oent 
in the surface 3-inoh layer of soil, 
33, In all of the stages of the succession, non-capillary porosity vms 
significantly liigher at the siarflaoe than at the 4 to 7 inch layer, 
34, In the basin-listed plots the surface non-capillary porosity per­
centage decreased 6,58 ptjr cent between 1937 and 1940, a highly 
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signifioant difference. In the 4 to 7 inch depth the decrease 
averaged 4,61, a difference wluoh is also highly sicnifioant# 
35. During the same period the capillary porosity porcontage at both 
levels made a highly Significant increase. 
36. A oloso relationship was observed between available moisture in 
the Burfaco 12 inches and the dry weight of roots in the 6 to 12 
inch depth. The relationship betv/eon the dry weights of roots in 
tlie 0 to 9 inch layer is lov/er than in the 6 to 12 inch layer, 
37, A relationship was observed between the surfaoe non-capillary 
porosity percentage and the dry root v/eights in the surftioo 9 
inches, 
38. The ratio of dry weights of roots to tops is closely related to 
the percentage non-capillary porosity. 
39, A discussion of the nature of tlie changes v/hich talce place during 
plant sucooBsion is made, 
40, Applications of the results of tliis investigation to hilloulture 
methods are discussed. 
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